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N O T I C E  

This report was prepared as an account of Government - sponsored work. Neither the Uni ted States, 
nor the Nafional Aeronautics and Space Administrat ion (NASA), nor any person act ing on behalf o f  
NASA : 

( A )  Makes any warranty or representation, expressed or implied, w i th  respect to  the 
accuracy, completeness, or usefulness o f  the information contained i n  th is  
report, or that the use o f  any information, apparatus, method, or process d i s -  
closed i n  th is  report may not infr inge pr ivo te ly -owned r ights;  or 

( B )  Assumes any l i ab i l i t i es  wi th respect to the use of, or for damages result ing 
from the use o f  any information, apparatus, method or process disclosed i n  th i s  
report. 

A s  used above, "person acting on behalf o f  NASA" includes any employee or contractor o f  NASA, 
or employee o f  such contractor, to  the extent that such employee or contractor of NASA, or employee 
of such contractor prepares, disseminates, or provides access to, any information pursuant to his 
employment or contract wi th NASA, or h i s  employment wi th such contractor. 

Requests for copies o f  th is report should be referred to : 

National Aeronautics and Space Administrat ion 
Off ice o f  Scienti f ic and Technical Information 
Washington 25, D.C. 
Attn: AFSS-A 
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Aerojet-General Corporation i s  proceeding wi th  t h e  design and development 
of t h e  SNAP-8 Power Conversion System, as authorized by Nat ional  Aeronautics 
and S p c e  Administration Contract No. IUS 5-417. 

The u l t imate  ob jec t ive  of t he  ~ w - 8  Program i s  t o  design and develop a 
35-kw e l e c t r i c a l  genera t ing  system f o r  use i n  var ious space missions.  
power source w i l l  be a nuclear  r eac to r  furnished by t h e  Atomic Energy Commission. 
The SNAP-8 system w i l l  use a e u t e c t i c  mixture of sodium and potassium ( N a K )  as 
t h e  r e a c t o r  coolant  and w i l l  opera te  on a Rankine cyc le ,  wi th  mercury as t h e  
working f l u i d  f o r  t h e  turbogenera tor .  The SNAP-8 system w i l l  be launched from 
a ground base and w i l l  be capEtble of  unattended full-power ope ra t ion  f o r  a m i n i -  
mum of 10,000 hours .  
shutdown may be accomplished by ground command. 

The 

After t h e  system i s  placed i n t o  o r b i t ,  a c t i v a t i o n  and 

This semiannual ma te r i a l s  r epor t  i s  submitted i n  p r t i a l  f u l f i l l m e n t  of 
t h e  cont rac t  and covers t h e  period from 1 January through 30 June 1965. 
t h e  information w a s  prepared a t  Aerojet-General Nucleonics, San Ramon, C a l i -  
f o rn i a ,  under Aerojet-General Corporation Subcontract 274949. 

P a r t  of 

The Component Materials Development Program was under t h e  management of 
R .  S. Carey, Head, Technical Support Department, ~ w - 8  Divis ion ,  Von Karman 
Center.  The work a t  t h e  Von Karman Center w a s  done under t h e  d i r e c t i o n  of H .  
Derow, Head, Mater ia l s  Sec t ion ,  sw-8  Divis ion .  The work a t  Aerojet-General 
Nucleonics was done under t h e  d i r e c t i o n  of B. E .  Farwel l ,  Head, SNAP-8 Sect ion ,  
Metallurgy Department, Applied Science Div is ion .  The fol lowing engineers  con- 
t r ibuted t o  the  var ious programs: 

A t  Von Karman Center - H . B l e i l ,  F . Cassidy, and R. McPherson 

A t  Aerojet-General Nucleonics - A .  R .  Herdt, G .  Redfern, E .  F .  McDaniel, 
J .  H .  Ralphs, and M., K .  Wow. 

The suggestions and guidance of W .  T i t u s  and M. Parkman, Metal lurgy 
Department, Aerojet-General  Nucleonics, and of P .  Stone, ~ m - 8  P r o j e c t  Off ice ,  
Lewis  Research Center,  NASA, a r e  g r a t e f u l l y  acknowledged. 
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R. S. Carey, Head @fl&-L R .  Go d Manager 
Technical Support  Department 
 SNAP-^ Division 
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 SNAP-^ MATERIALS FBPORT FOR JANUARY-JUNE 1965 

Aero j e t  -General Corporation 

ABSTRACT 

Inves t iga t ions  were conducted i n  support of  t he  design, f a b r i c a t i o n ,  and 
development t e s t i n g  of  var ious SNAP-8 components. 

Inves t iga t ion  of  a mercury forced-convection corrosion loop w a s  con- 
t inued  with the  a i m  of eva lua t ing  the  corrosion r e s i s t ance  of  gCr-lMo a l l o y  
s t e e l  ( t h e  reference mercury-containment m a t e r i a l )  f o r  10,000-hour se rv i ce .  
Rubidium i s  being evaluated as an addi t ive  t o  t h e  mercury t o  promote b o i l e r  
conditioning. 

Data were developed i n  a continued program t o  evaluate  the  e f f e c t  o f  
t h e  SNAP-8 opera t ing  environment on gCr-lMo s t e e l .  
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GLOSSEX 

Abbreviations commonly used i n  t h e  SNAP-8 Program are def ined below. 

Al t e rna t o r as s embly 

Atomic Ehergy Commission 

Aero je t  -General Corporation 

A e r o  je t -General  Nucleonics 

Atomics I n t e  rna t i o n a l  

NASA-Azusa F ie ld  Office 

Corrosion loop (AGN) 

Component - t e s t  loop (AGN) 

D i g i t a l  data  a c q u i s i t i o n  system 

Drawing 

E l e c t r i c a l  -d i s  charge machining 

Eff ic iency  

E l e c t r i c a l  generat ing system 

Ele c t  romagne t i c  

Electromagnetic equivalent  

Fl ight-prototype system 

Fl ight-prototype t e s t  ! f a c i l i t y  

General E l e c t r i c  Company 

Ground-prototype system 

Ground-prototype tes t  f a c i l i t y  

Heat r e j e c t i o n  

Heat - re jec t ion  f l u i d  

Heat - re jec t ion  loop 

Heat - re jec t ion  system 

Heat - t r a n s f e r  loop 

Lubricant/coolant 

Lewis Research Center 

L i  qd i  d -me rcury loop 

Liquid-NaK loop  

Low-power loop 

MIS 

Mix -4P3E 

ML 

MFMA 

NaK 

W A  

NHRA 
NPA 

NPMA 

NPS 

NPSH 

NS 

NSL 

ORNL 

PCS-1 

PF 

PL 

PLR 

PMA 

PNLA 

PO 

PVT 

93 

Mercury-injection system 

B i s  (mix-phenoxyphenyl ) 
e t h e r ,  a mixture of t h e  
s i x  poss ib l e  isomers of 
b i s  (phenoxyphenyl) e t h e r ,  
considered as a lub r i can t /  
coolant f o r  t he  PCS 

Pyre-MI,, Du a n t  polyimide 
organic  r e s i n  

Mercury pump-motor as- 
s embly 

Eu tec t i c  mixture of  
sodium and potassium 

National Aeronautics and 
Space Administration 

NaK h e a t - r e j e c t i o n  assembly 

NaK pump assembly 

NaK pump-motor assembly 

Nuclear power system 

Net p o s i t i v e  suc t ion  head 

Nuclear system 

?%K-simulation loop 

Chk Ridge National 
Laboratory 

IIvwcI  uuIIv .._uLI__ -" SvstPrn - 1 

Power f a c t o r  

Primary loop 

P a r a s i t i c  load r e s i s t o r  

Pump -mo t o  r assembly 

Primary NaK loop assembly 

Purchase o rde r  

Pres sure  -volume -temperature 

k c k w e l l  B (hardness ) 

n---- - f h m ~ r a ~ c  i ~n 

i x  
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GLOSSARY (cont . ) 
RPL 

sc 
S8DS 

S8ER 

SL -1 

SMP 

SR 

ss 
TA 
'13AA 

TCL 

Rated-power loop 

Speed con t ro l  

TR 

TRW Thompson bmo Wooldridge 

Trans f onner -rea c t o  r (as s embly ) 

SNAP-8 development system TS Test s e c t i o n  

SNAP-8 experimental  r e a c t o r  TSE T e s t  -support equipment 

System Loop Test F h c i l i t y  1 T-T Tube-in-tube 

Systems f o r  Nuclear Auxi l ia ry  VR Voltage r egu la to r - exc i t e r  

WOO Western Operations Off ice  Power 

Saturable  r e a c t o r  Standing a lone  ( i . e . ,  not  
preceded by le t te rs  o f  t h e  
alphabet  ), t hese  des igna t ions  
i n d i c a t e  design s t ages  of  
 SNAP-^ hardware 

S ta in l e s s  s t e e l  

Turbine assembly 

Turbine - a l t e r n a t o r  as sembly 

Thermal-convection loop (AGN) 
-3 

SYMBOLS* 

P Pressure,  p s i a  (PH system = high-pressure system, 
P L system = low-pressure system) 

0 
T , t  Temperature, F 

T I R  Tota l  i n d i c a t o r  reading 

k Flow rate ,  lb/hour 

A Difference 

Subscr ipts  

b Boi le r  

H,Hg Mercury 

i , i n  I n l e t  

N Na K 

o ,out Outlet  

X 

.x 
Used i n  i l l u s t r a t i o n s  and not defined t h e r e .  
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SNAP-8 MATERIALS REPORT FOR JANUARY-JUNE 1965 

by H .  Derow and B .  E .  Farwell 

AEROJET-GENERAL COFXIRATION 

SUMMARY 

Work w a s  performed during the  f irst  ha l f  of t h e  1965 calendar year w i t h  t h e  
a i m  of providing data t o  guide the  se l ec t ion  of materials f o r   SNAP-^ system com- 
ponents and of providing meta l lurg ica l  ass i s tance  i n  the design, development, 
f ab r i ca t ion ,  and t e s t i n g  of t h a t  system. This  work i s  summarized below under t h e  
appl icable  task ca tegor ies .  

Component D e  s ign  and Development Support 

A high s t a r t i n g  torque exhibited by  t h e  NaK ( e u t e c t i c  mixture of sodium and 
potassium) pump-motor assembly (PMA) during water t e s t i n g  was a t t r i b u t e d  t o  a 
high c o e f f i c i e n t  of s t a t i c  f r i c t i o n  of the NaK-lubricated journa l  bearing. 
S t a t i c  f r i c t i o n  t e s t s  were conducted t o  evaluate the  poss ib le  e f f e c t  of various 
bearing-surface condi t ions .  Molybdenum d i s u l f i d e  most e f f e c t i v e l y  reduced the  
c o e f f i c i e n t  of f r i c t i o n  ( t o  0.09); however, it i s  nonpermanent i n  a u n i t  sub- 
jec ted  t o  many starts and s t o p s .  E lec t ro l ized  chromium, w i t h  a s t a t i c  coe f f i c i en t  
of f r i c t i o n  of approximately 0.16, appears t o  be a n  acceptable compromise between 
molybdenum d i s u l f i d e  and uncoated surfaces ( c o e f f i c i e n t  of f r i c t i o n ,  0 .b) . 

Component Fab r i  c a t  i o  n Suppo rt 

A production order w a s  completed f o r  30-ft-long tubes of  9Cr-lM0 s t e e l  
( a l l o y  including 9$ chromium and 1% molybdenum) required fo r  tube-in-tube (T-T) 
b o i l e r  f a b r i c a t i o n .  Twenty-three of 27 tubes re jec ted  by u l t r a son ic  inspec t ion  
were made usable by grinding ou t  surface de fec t s  that were 0.003 t o  0.020 i n .  
r ieel j  (Pi-ademlyLctly c! -QQh i n . )  . 
defec t s  were probably caused by excessive inc lus ions  i n  t h e  starting raw i i - s t e r l a l .  
A cleaning procedure was devised f o r  removing a t i g h t l y  adherent oxide f i lm  pro- 
duced during t h e  f i n a l  heat treatment of t hese  tubes i n  an  exothermic gas 
atmosphere. 

Metallographic examination indicated t h a t  t h e  

Experiments indicated t h a t  t r ee - r e s in  reinforcement i s  required i n  the  
annulus formed between t h e  mercury-containment tubes and t h e  ou te r  321 SS ( s t a i n -  
l e s s  s t e e l )  tube when co i l i ng  t h e  T-T b o i l e r .  The i n t e r n a l  a r e a  of t he  gCr-lMo 
mercury-containment tubes requi res  no reinforcement when a 34.5-in .-dia b o i l e r -  
cui1 assembly i s  bent,  but t r e e  r e s i n  i s  required f o r  a 20.5-in.-dia assembly. 
Double-cycle cleaning with an  a l k a l i n e  so lu t ion  (MIL-C-14460, Type I )  w i l l  re-  
move t h e  t r e e  r e s i n  a f t e r  c o i l i n g .  

x i  
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Test Operations Support 

Before Rated Power Loop 2 (WL-2) w a s  operated i n  February 1965, t h e  mer- 
cury-containment tubes of t h e  b o i l e r  were cleaned t o  remove poss ib l e  contamina- 
t i o n  generated during t h e  previous opera t ing  period (rubidium was added t o  t h e  
mercury t o  promote s a t i s f a c t o r y  b o i l e r  performance). 
Aero je t  Spec i f i ca t ion  AGC-10319/6 was used.  
approximately 100 hours,  d id  not include rubidium and the  b o i l e r  never achieved 
t h e  r a t ed  mercury-output condi t ions .  A t e s t  run i n  March l a s t i n g  more than  100 
hours included a single rubidium i n j e c t i o n ,  which w a s  s u f f i c i e n t  t o  maintain 
s a t i s f a c t o r y  b o i l e r  performance throughout t h e  run .  Although some rubidium w a s  
apparent ly  l o s t  during t h r e e  shutdowns, t h e  amount remaining was s u f f i c i e n t  f o r  
whatever b o i l e r  sur face  condi t ioning w a s  necessary.  A t e s t  i n  May-June 1965 was 
conducted with no rubidium add i t ive ,  and i t  was found that none w a s  required f o r  
s a t i s f a c t o r y  b o i l e r  performance. It appears  t h a t  (1) t h e  rubidium f i r s t  served 
as a "conditioning agent" during w h a t  would otherwise have been a nonperforming 
run-in period, and ( 2 )  as t h e  opera t ing  du ra t ion  increased,  t h e  b o i l e r  w a s  a b l e  
t o  perform properly without  t h e  a d d i t i v e  

Cleaning Method I1 i n  
A t e s t  run  i n  February 1965, l a s t i n g  

During t h i s  last  opera t ing  per iod,  per iodic  res idue  and mercury samples 
were taken  from the  loop  a f t e r  shutdowns. 
The res idues  contained rubidium, probably as oxides formed during previous 
operat ing periods and r e t a ined  i n  t h e  loop. 
on piping o r  component sur faces ,  o r  i n  res idues  presumably washed i n t o  t h e  dump 
tank during mercury dumps. Rubidium has been con t inua l ly  de tec ted ,  i n  ever-  
decreasing amounts, i n  a l l  res idue  samples analyzed during t h i s  r e p o r t  per iod .  
These analyses a l s o  ind ica ted  t h a t  organic  materials were en te r ing  t h e  loop .  
Mix-kP3E* w a s  de t ec t ed ,  as were var ious o i l s  used i n  vacuum pumps i n  t h e  system. 
The s p e c i f i c  source of t h e s e  f l u i d s  i s  not p re sen t ly  apparent .  

The mercury remained f ree  of  rubidium. 

Rubidium w a s  de tec ted  i n  depos i t s  

A p a r t i c l e  was found lodged i n  one t u b e - i n l e t - r e s t r i c t o r  o r i f i c e  o f  t h e  
FPL-2 b o i l e r ;  p o t e n t i a l  sources i n  t h e  loop  are t h e  turb ine-s imula tor  l i n e s  and 
some pa r t s  of  t h e  b o i l e r .  Sol id  p a r t i c u l a t e  material w a s  found clogging t h e  
jet-pump o r i f i c e  of t h e  mercury PMA. 
examination indicated a mixture of m e t a l l i c ,  ch ip - l ike  p a r t i c l e s  and weld s p a t t e r .  
One nonmagnetic p a r t i c l e ,  analyzed as S t e l l i t e  6B, was judged t o  have been a p a r t  
of the  t r a i l i n g  edge of a t u r b i n e  nozz le .  A w e t  brown res idue  w a s  found i n  the  
standoff l i n e  of a n  RPL-2 turb ine-pressure  t ransducer;  i t  had not  a f f e c t e d  t h e  
funct ion and c a l i b r a t i o n  of the  t ransducer .  

Chemical a n a l y s i s  and metal lographic  

The th roa t  s ec t ion  of t h e  NaK-flow v e n t u r i  i n  t h e  NaK primary loop  of 
RPL-2 w a s  examined a f t e r  approximately 800 hours of ope ra t ion ,  most o f  which had 
been accumulated without  oxygen c o n t r o l  i n  t h e  loop .  The i n l e t  and t h r o a t  con- 
ta ined  r e l a t i v e l y  heavy depos i t s ;  t h e  o u t l e t  contained on ly  a s m a l l  amount. 
Water-flow t e s t s  ind ica ted  that t h e  ven tu r i  readings would imply flow r a t e s  25% 
higher  than  the a c t u a l  r a t e .  
~ J J  c i r i i ~ ~ i ~ , i  s p e ~  Liuscopy,  was found t o  conta in  chromim, n i cke l ,  and molybdenum - 
Sect ions of the RPL-2 loop  piping a t  t h e  i n l e t  and o u t l e t  of  t h e  gas - f i r ed  N a K  

A sample of t h e  r e s idue ,  analyzed q u a l i t a t i v e l y  

* 
See Glossary 
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h e a t e r  were examined. The micros t ruc ture  of t he  i n l e t  s e c t i o n  ind ica ted  a su r -  
f ace  depos i t  and a l s o  an  i n t e r g r a n u l a r  deposit  extending approximately 0.001 i n .  
( c r o s s  s e c t i o n a l l y )  i n t o  t h e  p ipe .  
ind ica ted  t h e  poss ib le  presence of minor depos i t s ,  but t h e r e  w a s  no evidence of 
i n t e r g r a n u l a r  pene t r a t ion .  
s e c t i o n  of t h e  RF'L-2, primary, NaK, electromagnetic (IDI) pump; t h e y  caused r e -  
duced N a K  flow through t h e  pump at t h e  rated cu r ren t  flow. The depos i t s  were 
hard and tenacious and appeared t o  be concentrated i n  bus-bar-attachment areas. 

The microstructure of t h e  o u t l e t  piping 

Mass-transfer depos i t s  were found i n  t h e  pumping 

An a n a l y s i s  was performed on t h e  RF'L-2, 316 SS, NaK-to-NaK, hea t  exchanger 
t h a t  f a i l e d  a t  the  o u t l e t  end a f t e r  1356 hours and 47 cyc les  of primary-loop 
(PL) opera t ion  and 1170 hours and 44 cycles of hea t - r e j ec t ion - loop  (HEIL) opera- 
t i o n .  
it t o  the  heavy-walled loop piping apparently exceeded t h e  u l t ima te  s t r e n g t h  of 
t h e  t h i n  exchanger-shell ma te r i a l ,  r e su l t i ng  i n  component f a i l u r e .  Evidence 
w a s  found t h a t  both metal mass t r a n s f e r  and carbon t r a n s p o r t  had occurred. 

Operat ional  s t r e s s e s  imposed on the hea t  exchanger a t  t h e  weld connecting 

A graphite-base h e a t - t r a n s f e r  cement (Thermon Type T-63) w a s  appl ied  t o  
provide a h e a t - t r a n s f e r  medium between t r ace  hea te r s  and t h e  l iqu id-meta l  l i n e s  
of RPL-2. 
degradat ion had occurred on s e v e r a l  l i n e s .  I n  one in s t ance ,  t he  cement tempera- 
t u r e  w a s  below t h e  maximum use temperature spec i f i ed  by t h e  vendor. 
i n s t ance ,  improper c o n t r o l  of NaK- l ine  hea te rs  r a i sed  t h e  cement temperature 
s i g n i f i c a n t l y  above t h e  spec i f i ed  maximum of 1250°F. 
from oxida t ion  of t h e  g r a p h i t e  and melting of t h e  cement b inder  ad jacen t  t o  t h e  
h e a t e r  shea ths .  The h e a t - t r a n s f e r  cement was thus converted t o  an  i n s u l a t i n g  
m a t e r i a l .  
t a ined  a t  6 0 0 ~ ~  o r  lower.  

Examination during a loop shutdown i n  A p r i l  i nd ica t ed  t h a t  cement 

I n  another  

The degradat ion r e su l t ed  

No evidence of cement degradation was apparent  on t h e  l i n e s  main- 

P r e c i p i t a t e d  c r y s t a l s ,  p r imar i ly  p-p isomer, were found i n  a sample from 
t h e  f i r s t  production order of mix-4P3E for  t h e  lub r i can t / coo lan t  (L/C) loop of 
RPL-2. The cause of t h e  p r e c i p i t a t i o n  appeared t o  be a p-p isomer content of 
t h e  f l u i d  above a c r i t i c a l  amount f o r  the maintenance of chemical s t a b i l i t y  (3%). 
A sample of t h e  mix-4P3E from FPL-2 w a s  analyzed a f t e r  t h e  t u r b i n e - t e s t  s e r i e s .  
Approximately 800 hours of t e s t i n g  had produced very l i t t l e  physical-property 
change. F lu id  d i s c o l o r a t i o n  appears t o  have been caused by p a r t i a l  thermal de- 
compositloii above &O°F. 
w a s  evidenced by a carbonaceous depos i t  on t h e  hea te r  sheaiii. A t  AeroJet's re- 
ques t ,  S h e l l  Development Company r an  dynamic v i s c o s i t y  t e s t s  on mix-4P3EY using 
a Hoake Rotovisco ( r o t a r y  viscometer).  
t h a t  t h e  f l u i d  i s  Newtonian i n  i t s  behavior. 

Overheating of the f l u i d  a t  t h e  Calrod hea te r  su r f aces  

Tes ts  a t  68, 122, and 1 7 6 0 ~  ind ica t ed  

A p ipe  f a i l u r e  occurred i n  the  HRL p u r i f i c a t i o n  system of RF'L-2. The 
f a i l u r e  appeared t o  be a s soc ia t ed  wi th  a t r a c e  h e a t e r  used t o  maintain t h e  pipe 
temperature  during loop ope ra t ion .  Five holes pene t ra ted  through t h e  p ipe  w a l l  
w i t h i n  a n  8 - in .  l eng th  i n  t h e  f a i l u r e  a r e a .  
+ 'I 
f a i l u r e  w a s  e l e c t r i c a l  sho r t ing  of t h e  hea te r  through the  pipe t o  ground. 

The micros t ruc ture  ind ica ted  t h a t  
716 SS h& Szei: molten i n  t h e  a rea  of each ho le  A probable cause of t h e  

p C / ? . L ~  T i  - ,. Conversion System 1 (PCS-1) of System Loop Test F a c i l i t y  1 (SL-1)  w a s  
cleaned p r i o r  t o  f i n a l  assembly. The cleaning procedure employs an a l k a l i n e  r u s t  

x i i i  



. 
Report No. 3038 

remover ( including approximately 70% sodium hydroxide) and a n  a l k a l i n e  de t e rgen t .  
The tu rb ine -a l t e rna to r  assembly ( T U )  and mercury PMA were not  cleaned i n  t h i s  
fashion,  but i nd iv idua l  p a r t s  were u l t r a s o n i c a l l y  cleaned i n  Freon during as- 
sembly. A l l  gCr-lMo, PCS-1, mercury-loop tubing w a s  X-rayed because metal lo-  
graphic  examination of  samples revealed in t e rna l - su r face  lap- type d e f e c t s .  
de fec t ive  material w a s  rep laced .  

The 

Sections of t h r e e  t r a c e  hea te r s  removed from t h e  L/C l i n e  o f  SL-1 were 
evaluated a f t e r  two o f  them had f a i l e d .  Metallographic and radiographic  examina- 
t i o n  indicated t h a t  t h e  f a i l u r e  occurred because t h e  Nichrome hea t ing  w i r e  became 
overheated, mel ted,  and flowed through cracks i n  t h e  magnesium oxide i n s u l a t i o n  
t o  sho r t  the hea t ing  w i r e  t o  t h e  shea th .  It i s  bel ieved t h a t  t h e  cracks were 
produced when t h e  hea te r s  were bent t o  f i t  t h e  contour of t h e  loop  p ipe .  The 
primary cause of  t h e  overheat ing o f  t h e  hea te r  apparent ly  w a s  t h e  un in ten t iona l  
presence of  thermal- insulat ion ma te r i a l  between the  h e a t e r  and t h e  pipe i n  
loca l i zed  a reas .  

Residue samples from t h e  NaK HFZ Chempump that f a i l e d  af ter  a f e w  seconds 
of r o t a t i o n  during a wet shakedown t e s t  of  SL-1 were co l l ec t ed  and analyzed.  
appeared t o  cons i s t  o f  a mixture o f  f i n e l y  divided oxides  of  NaK, m e t a l l i c  
p a r t i c l e s  r e su l t i ng  from pump-bearing g a l l i n g  during t h e  f a i l u r e ,  ab ras ive  res i -  
due t h a t  was not completely removed from a pump component af ter  a powder b l a s t i n g  
o r  gr inding operat ion,  and a polymer material. 

They 

Two NaK PMAs and Liquid-NaK Loop 3 (LNL-3) were f lushed wi th  a l coho l  and 
water t o  remove oxide bui ldup caused by loop opera t ion  wi thout  a NaK-purifica- 
t i o n  system. When t h e  las t  pump w a s  cleaned by i n t e r n a l  f l u sh ing ,  a b lack  resi- 
due was found i n  t h e  cleaning f l u i d s .  In f r a red  spectrophotometry produced a 
representa t ive  curve t h a t  w a s  not i d e n t i f i a b l e .  
a t ed  after NaK l eaks  developed during LNL-3 t e s t s .  
cor,tained excessive po ros i ty  and, i n  one in s t ance ,  a cas t ing  cold-shut  r e su l t ed  
i n  an  unfused through-the-wall  plug.  Through-wall po ros i ty  i n  unused housing 
cas t ings  w a s  not detected i n  dye-penetrant tests o r  single-wall radiography. A 
housing t h a t  had f a i l e d  due t o  through-wall l eaks  w a s  brush-plated wi th  i r o n  and 
w a s  re turned t o  t e s t i n g ;  through-wall leakage aga in  occurred during a subsequent 
t e s t  run .  

Two NaK PMA housings were evalu- 
It was found that t h e  cas t ings  

A pas te - l ike  Cerrobend res idue  was found i n  t h e  v isco  pump seal of  a mercury 
PMA. t e s t e d  i n  Liquid-Mercury Loop 3 (LML-3) 
found i n  the  mix-4P3E f l u i d  of t h e  same loop system. 
assembled i n  a manner that d id  not a s su re  o v e r a l l  system c l e a n l i n e s s .  

A b lack ,  f l a k y  r e s idue  w a s  a l s o  
The LJG-3 was appa ren t ly  

Transformer-Reactor Assembly, Heat-Sink Trans i t i on  J o i n t  

E lec t ro l e s s  n i cke l ,  s i l v e r  over e l e c t r o l e s s  n i c k e l ,  and E lec t ro l i zed  
chromium were evaluated as candidate  coa t ings  t o  p r o t e c t  t h e  copper po r t ion  of 
Liic L ~ d r l o i t ~ u h  j o i n t  a g a i n s t  r e a c t i o n  wi th  t h e  L/C f l u i d  (mix-4P3E) i n  a nuclear-  
r a d i a t i o n  environment . A galvanic-corrosion r e a c t i o n  w a s  found t o  have occurred 
hetweeri t t i  I w l ~ : ~ ;  miv  por t ion  of t he  t r a n s i t i o n  j o i n t  and t h e  n i c k e l  during t h e  
$18 L i  rig .i’ ‘,ht’ sp~t>i i : ic~ i  e 

adherence, b u t  coat ing voids  were found on t h e  unexposed specimen and coat ing 
The E lec t ro l i zed  chromium coat ing  exhib i ted  s a t i s f a c t o r y  
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cracks were found on t h e  exposed specimens. An eva lua t ion  of experimental, d i r e c t -  
bond, a1uminum/316 SS specimens that were exposed t o  mix-4P3E a t  250°F was a l s o  
completed. The specimens appeared unaffected.  Metallographic examination showed 
no su r face  r e a c t i o n  wi th  t h e  f l u i d ,  nor was t h e r e  evidence of cross-bond d i f f u s i o n  
r e s u l t i n g  from t h e  elevated-temperature exposure. 

Bimetal-Tube Evaluat ion 

A 9 ~ r - ~ o / 3 1 6  SS tube  butt-weld j o i n t  specimen was prepared by TIG ( tungs t en ,  
i ne r t -gas  ) welding. 
r e t e n t i o n  of i nd iv idua l  l a y e r s  of 9Cr-lMo s t e e l  and 316 SS i n  t h e  welded a r e a .  
The 9Cr-lMo s t e e l  l i n e r  co l lapsed ,  however, probably because it w a s  too t h i n  t o  
support t h e  thermal s t r e s s e s .  

Metallographic examination of sample sec t ions  i n d i c a t e s  t h e  

Twelve tube l eng ths  of two d i f f e r e n t  s i z e s  of columbium/316 SS tubing were 
manufactured by Nuclear Metals , Inc . , Concord , Massachusetts 
i n .  i n s i d e  diameter ( I D )  by 0.055-in. w a l l ,  of  which 0.020 i n .  w a s  columbium) - 
Ult rasonic  in spec t ion  and confirming metallographic examination ind ica ted  t h a t  
on ly  t h r e e  lengths  (none of t h e  large-ID specimens) contained an acceptab le  
me ta l lu rg ica l  bond (<5$ unbond) between the columbium and t h e  316 SS . 

(0  .bo- and 0.684- 

Boi le r  Conditioning Studies  

An i n v e s t i g a t i o n  of t h e  boiler-performance e f f e c t  of adding rubidium t o  t h e  
mercury was i n i t i a t e d .  Apparatus w a s  designed and f ab r i ca t ed  f o r  making con- 
t r o l l e d  rubidium add i t ions  o r  a mix-4P3E a d d i t i o n  t o  t h e  mercury i n  Component 
Tes t  Loop 2 (CTL-2) a t  Aerojet-General Nucleonics (AGN).  
w a s  brought t o  r a t ed  b o i l e r - o u t l e t  conditions (265 p s i a  a t  1265OF). 
grams of mix-4P3E was admitted t o  t h e  mercury-pump suc t ion .  
condi t ions  w a s  noted immediately, and within 45 min t h e  b o i l e r - o u t l e t  tempera- 
t u r e  had dropped from 1270°F t o  llOO°F, i nd ica t ing  t h a t  the b o i l e r  w a s  decondi- 
t i o n e d .  
loop through an a u x i l i a r y  a d d i t i o n  t ank .  
condi t ion ,  1270°F and 165 ps ig  ) w a s  indicated af ter  t h e  rubidium concent ra t ion  
reached 600 ppm. This partial conditioning of t h e  b o i l e r  could not be sus ta ined  
when t h e  b o i l e r - o u t l e t  p ressure  w a s  increased, as ind ica ted  by a decrease i n  t h e  
b o i l e r - o u t l e t  tempeiature . The m h i d i u m  content of t h e  mercury appears t o  decay 
if cons tan t  add i t ions  a r e  not made. 

The loop w a s  started and 
Twenty-five 

An e f f e c t  on b o i l e r  

Small amounts of rubidium were subsequently added t o  t h e  mercury i n  t h e  
P a r t i a l  conditioning ( b o i l e r - o u t l e t  

9Cr-lMo S t e e l ,  S t rength  Evaluat ion 

E igh t  weld specimens were t e s t e d  i n  a i r  a t  1325OF f o r  up t o  1845 hours .  
The t e s t s  i n d i c a t e  t h a t  welding does not decrease t h e  creep o r  creep-rupture 
s t r e n g t h  of 9Cr-lMo s t e e l  a t  1325'F. 
lMo s t e e l  capsule specimens i n  a NaK environment a t  1325OF. 
su re  w a s  changed each 30 sec so t h a t  a - +lo$ s t r e s s  cyc le  r e s u l t e d .  

Cyclic-creep tests were completed on 9Cr- 
The i n t e r n a l  pres -  

Analys is  of capsule-wall measurements revealed t h a t  creep occurred i n  a l l  
sect lons Micrographic examination showed that severe  g r a i n  growth occurred and 
'rl3.s: nc.,-,,mpanied by e l imina t ion  of t h e  carbide p r e c i p i t a t i o n  i n  t h e  g r a i n  
boundar ies .  A f i n e  d i spe r s ion ,  appearing t o  be carb ides ,  remains equal ly  d i s -  
t r i b u t e d  throughout t h e  w a l l ,  except for  a l a y e r  l e s s  than  1 m i l  t h i c k  on t h e  
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I i n s i d e  sur face .  
t i o n s  of the w a l l s ,  bu t  some p a r t s  of  t hese  lower-s t ressed sec t ions  did not  
r e c r y s t a l l i z e .  I 

The same p r e c i p i t a t i o n  p a t t e r n  was noted i n  t h e  unmachined sec-  

Corrosion-Loop Program 

Corrosion Loop 3 (CL-3) w a s  removed from i t s  t e s t  c e l l s  and disassembled 
after a sec t ion  of 316 SS tubing f a i l e d  i n  t h e  N a K  h e a t e r ,  causing a shutdown. 
The f a i l u r e  r e su l t ed  from in t e rg ranu la r  cracking a s soc ia t ed  wi th  a second phase 
that p rec ip i t a t ed  heav i ly  a t  t h e  g r a i n  boundaries,  e s p e c i a l l y  i n  t h e  f a i l u r e  
area. Se lec t ive  etching ind ica ted  the  p r e c i p i t a t e  may be sigma phase.  

1 

I 

I 
The b o i l e r  performance cons t an t ly  improved during t h e  f i r s t  2000 of  a t o t a l  

44-00 hours of opera t ing  t ime.  
showed no evidence of cor ros ion .  
t h e  h o t t e s t  s ec t ion  of t h e  b o i l e r  (1310°F). The NaK s i d e  of the  9Cr-No mercury- 
containment tubing exhib i ted  decarbur iza t ion ,  p r imar i ly  a t  and near  t h e  NaK- 
i n l e t  end. The decarbur iza t ion  depth decreased g radua l ly  a long t h e  b o i l e r  toward 
t h e  NaK o u t l e t ,  where t h e  temperature had decreased t o  approximately 1270'F. 
decarburizat ion was observed i n  tube sec t ions  where t h e  NaK temperature w a s  below 
1270'F. 
most of  it i n  t h e  a r e a  of h ighes t  hea t  t r a n s f e r .  Tube cracking w a s  a l s o  observed 
on t h e  mercury s i d e  ( i n t e r i o r )  
i n l e t  plug ( 5  f t  long)  i n  t h e  area 7 t o  21 i n .  from t h e  b o i l e r  i n l e t .  
sur face  of  the 9Cr-lMo s t e e l  tubing i n  t h e  plug area w a s  l i g h t l y  p i t t e d .  
temperature p r o f i l e  of  t he  b o i l e r  i n d i c a t e s  p r a c t i c a l l y  no hea t  t r a n s f e r  i n  the  
plug region a f t e r  t h e  preheat ing of  t h e  l i q u i d  mercury i n  t h e  f i r s t  2 f t  of t h e  
b o i l e r .  Examination of t h e  i n t e r i o r  of t h e  9Cr-mo s t e e l  b o i l e r  tubing follow- 
ing  the  plug region ind ica ted  heavy p i t t i n g  and su r face  cracking i n  some s e c t i o n s ,  
e s p e c i a l l y  where the  hea t  t r a n s f e r  from t h e  NaK t o  t h e  mercury w a s  the  g r e a t e s t .  
Corrosion-product depos i t ion  w a s  a l s o  found i n  t h a t  area. 

The 316 SS o u t e r  s h e l l  of t h e  mercury b o i l e r  
There w a s  some carbur iza t iov  of t h e  316 SS i n  I 

I 

No 

Some e x t e r i o r  cracking of t h e  9Cr-No s t ee l  tub ing  w a s  a l s o  observed, I 
1 

P i t t i n g  was found on t h e  9Cr-lMo s t e e l  b o i l e r -  
The inne r  

The NaK- 

Other NaK-primary-loop components ( e  .g ., t h e  FA pump, EM flowmeter, and 
316 SS tubing)showed no i n d i c a t i o n s  of co r ros ion  o r  mass t r a n s f e r .  
Chromalized Hastel loy N, 347 SS, and Has te l loy  C incorporated i n  t h e  NaK primary 
system t o  simulate r eac to r  materials showed no apprec iab le  cor ros ion .  
347 SS i n  a high-temperature s e c t i o n  of t h e  N a K  primary system (1320OF) showed 
less  change i n  micros t ruc ture  than  t h e  316 SS. 

Sec t ions  of 

The 

Most of t he  corrosion-product depos i t i on  i n  t h e  mercury loop was found 25 
The t o  30 f t  from t h e  b o i l e r  i n l e t ,  where t h e  p i t t i n g  depth inc reases  sha rp ly .  

cor ros ion  products are deposi ted from supersa tura ted  l i q u i d  mercury i n  t h e  l i q u i d  
vapor stream as t h e  vapor q u a l i t y  approaches 100%. 

The change i n  t h e  NaK-temperature p r o f i l e  w i t h  opera t ing  time ind ica t e s  
t h a t  t h e  mercury-flow p a t t e r n  was changing cons t an t ly  up t o  2000 hours of opera- 
t i o n .  
served i n  t h e  region 30 t o  50 f t  from t h e  mercury i n l e t .  

liiis wuulu account  f o r  t he  p i t t i n g  and corrosion-product  depos i t ion  ob- 

Other areas of  the  mercury system appear  t o  be f ree  of  s e r ious  cor ros ion  
and mass-transfer problems when 9Cr-lMo s t ee l  i s  used.  
t r a n s f e r  deposi ts  were found i n  t h e  condenser and t h e  l i q u i d  l i n e s  i n  t h e  loop .  

E s s e n t i a l l y  no mass- 
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The cor ros ion  products generated i n  these a r e a s  appa ren t ly  remained suspended 
i n  t h e  mercury and/or f loa t ed  a t  t h e  mercury i n t e r f a c e s .  

Examination of t h e  NaK s i d e  of t h e  mercury condenser, t h e  NaK hea t  ex- 
changer, and t h e  tubing t h a t  made up t h e  condensing system revealed no mass 
t r a n s f e r  o r  co r ros ion .  Because of  t he  l o w  opera t ing  temperature o f  t h i s  system 
(70O0F maximum), no mater ia l -cor ros ion  problem w a s  expected. 

CL-4 was operated f o r  1100 hours.  Oxide c o n t r o l  of t h e  NaK primary loop 
w a s  s a t i s f a c t o r i l y  maintained by cold t rapping .  
immediately when mercurywas in j ec t ed  i n t o  t h e  b o i l e r ,  bu t  r a t ed  des ign  con- 
d i t i o n s  were not ob ta ined .  

Superheated vapor was obtained 

A modified mercury-inlet-plug i n s e r t  w a s  i n s t a l l e d  i n  t h e  b o i l e r  t o  rep lace  
t h e  o r i g i n a l  p lug .  
i n s e r t  was changed t o  inc rease  t h e  liquid-mercury flow r a t e  from 0.91 t o  6.22 
f p s .  
improvement i n  t h e  i n l e t - p l u g  region and completion of mercury bo i l ing  a t  a 
length  of 30 f t .  Considerable conditioning was noted during the  subsequent 16 
hours of ope ra t ion .  The b o i l e r  w a s  then  shu t  down and r e s t a r t e d  t o  confirm 
t h e  conditioning phenomena. Upon r e s t a r t i n g ,  it exhib i ted  t h e  same h e a t  
t r a n s f e r  and s t a b l e  bo i l ing  performance as be fo re .  

The geometry of t h e  preheating region of t h e  modified plug 

A t e s t  run wi th  t h e  modified plug showed a n  immediate h e a t - t r a n s f e r  

A b o i l e r - i n l e t - p l u g  t e s t  program was i n i t i a t e d .  Four d i f f e r e n t  i n s t r u -  
mented plugs were t e s t e d  f o r  design eva lua t ion ,  and a run w a s  a l s o  made without  
a plug i n s e r t .  The cor ros ion  p a t t e r n s  produced i n  these  t e s t s  i n d i c a t e  t h a t  
t h e  increased l i q u i d  v e l o c i t y  and improved b o i l e r  performance caused no t i ce -  
a b l e  cor ros ion  i n  plug regions wi th  operating t imes as s h o r t  as 100 hours .  
w a s  a l s o  found t h a t  t h e  c learance  between t h e  inne r  sur face  of t h e  b o i l e r  
tubing and the  ou t s ide  of t h e  plug w a s  c r i t i c a l .  If t h i s  c learance  i s  not 
c o n t r o l l e d ,  t h e  d i f f e r e n t i a l  pressure and l i q u i d  v e l o c i t y  i n  t h e  t i g h t - p i t c h  
reg ion  of t he  plug i s  reduced because of bypass flow. 

It 

x v i i  
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The ob jec t ives  of t h e  SNAp-8 Materials Program a r e  t o  provide d a t a  t o  se rve  
as a basis f o r  t h e  s e l e c t i o n  of ma te r i a l s  f o r  use  i n  various components; t o  as- 
s i s t ,  through me ta l lu rg ica l  s t u d i e s ,  i n  the design, development, f a b r i c a t i o n ,  and 
t e s t i n g  of t h e  SNAP-8 system; and t o  eva lua te  t h e  r e s i s t a n c e  of t h e  re ference  
material ( i  .e ., 9Cr-lMo a l l o y  s t e e l )  t o  mercury cor ros ion .  
t h e  work performed during t h e  f i r s t  6 months of t h e  1965 ca lendar  year .  

This r e p o r t  covers 

11. COMPONENT DESIGN AND DEVELOPMENT SUPPOFiT 

A high s t a r t i n g  torque exhib i ted  by t h e  NaK PMA i n  water  t e s t i n g  during 

While t h e  Pump Development Group con- 
t h e  l a t t e r  p a r t  of 1964 was a t t r i b u t e d  t o  a high c o e f f i c i e n t  of s t a t i c  f r i c t i o n  
of t h e  NaK-lubricated jou rna l  bear ing .  
s idered  poss ib l e  bearing redesign, t h e  Mater ia l s  Sec t ion  conducted t e s t s  t o  
eva lua te  t h e  poss ib l e  e f f e c t  of var ious  bearing-surface cond i t ions .  S t a t i c  
f r i c t i o n  tes ts  were conducted wi th  0.950-in .-square hardened-steel  (Rockwell ~ 6 6 )  
inspection-gage b locks .  The t e s t  r e s u l t s  a r e  reported i n  Ref. 1 (pp .  I V - 1 0  and 
-11). With mating-surface f i n i s h e s  of approximately 1 r m s  a g a i n s t  1 r m s ,  " w r i n g -  
i n g "  ( t h e  e f f e c t  of t h e  su r face  t ens ion  o f  t he  l i q u i d  l u b r i c a n t )  r e su l t ed  i n  a n  
apparent  c o e f f i c i e n t  of s t a t i c  f r i c t i o n  of o .40 . 

Molybdenum d i s u l f i d e  most e f f e c t i v e l y  reduced t h i s  c o e f f i c i e n t  ( t o  0 .O9), 
but it w i l l  no t  be e f f e c t i v e  continuously, because of coating removal i n  a u n i t  
subjec ted  t o  many starts and s t o p s .  The r e t e s t i n g  of coated specimens, f o r  
example, produced a n  inc rease  i n  t h e  measured c o e f f i c i e n t  o f  f r i c t i o n  t o  0.18. 
A permanent coa t ing  of E lec t ro l i zed  chromium (appl ied  by E l e c t r o l i z i n g  Sa le s ,  
Inc ., Los Angeles) provides g r e a t e r  permanence, a t  some s a c r i f i c e  i n  f r i c t i o n a l  
p r o p e r t i e s ,  than  molybdenum d i s u l f i d e .  The s t a t i c  c o e f f i c i e n t  of f r i c t i o n  be- 
tween E l e c t r o l i z e d  su r faces  (25 runs ) was approximately 0.16. It w a s  concluded 
t h a t  i f  t h e  reduct ion  of t he  s t a t i c  c o e f f i c i e n t  of f r i c t i o n  must be achieved by 
bear ing-sur face  r ev i s ion ,  an E lec t ro l i zed  sur face  combination appears t o  be t h e  
optimum candida te  t o  provide a s i g n i f i c a n t  improvement (approximately 0.16 f o r  
E l e c t r o l i z e d  su r faces  vs 0.40 f o r  t h e  bearing sur faces  c u r r e n t l y  i n  u s e ) .  

T T I  COMPONENT FABRICATION SUPPORT 

A .  TUBE-IN-TUBE (T-T) BOILER 

The f a b r i c a t i o n  of a T-T b o i l e r  (F igure  1) was i n i t i a t e d  during t h i s  
r e p o r t  pe r iod .  The f i r s t  two u n i t s  a r e  t o  be co i led  t o  two d i f f e r e n t  diameters 
(34.5 and 20.5 i n . ) .  

1. 9Cr-lMo Tubing 

P. production order  f o r  3O-ft-long, 9Cr-LMo s t e e l  tubes r e -  
quired f o r  T-T b o i l e r  f a b r i c a t i o n  was completed by P a c i f i c  Tube Company, Los 
Angeles .  
3c:r.-LVb :t:ei w i t h  i t s  chemistry modified t o  s i g n i f i c a n t l y  inc rease  t h e  c reep  
and s t r e s s - r u p t u r e  s t r e n g t h  above t h a t  of t he  bas i c  a l l o y  ( s e e  Ref 
seven of 38 tubes were r e j ec t ed  f o r  ou ter -sur face  de fec t s  on in-process u l t r a s o n i c  

The Von Karman Center provided t h e  s t a r t i n g  s t o c k .  This w a s  b a s i c a l l y  

2 ) .  Twenty- 
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inspec t ion  (see Ref. 3, pp. I V - 3  and - 4 ) .  
usable  by gr inding ou t  defec ts  t h a t  were from 0.003 t o  0.020 i n .  deep (pre-  
dominantly 0.006 i n  .) . 
probably caused by excessive inc lus ions  i n  t h e  s t a r t i n g  r a w  material and t h a t  t h e  
poss ib le  presence of t hese  de fec t s  (undetec tab le  on f i n a l  i n spec t ion )  means t h a t  
t h e  performance of t h i s  tubing i s  unpredic tab le .  A dec i s ion  w a s  made t o  use  t h e  
tubing f o r  bo i l e r  f a b r i c a t i o n ,  because it appears t h a t  if a l e a k  develops during 
b o i l e r  operat ion it w i l l  probably be very small i n i t i a l l y ,  due t o  the  alignment 
of ind iv idua l  inc lus ions  parallel t o  t h e  tube su r face .  
de t ec t ing  small through-the-wall l eaks ,  should they  occur,  and are being con- 
s idered  f o r  incorporat ion i n  t h e  var ious SNAP-8 t e s t  systems. 

Twenty-three of t h e  27 tubes were made 

Metallographic s tudy  ind ica ted  t h a t  t h e  de fec t s  were 

Methods are a v a i l a b l e  f o r  

A c leaning procedure - Type V I  i n  t h e  SNAP-8, 9Cr-LMo s t ee l ,  
cleaning spec i f i ca t ion  ( R e f .  4) - w a s  devised and success fu l ly  used f o r  removing 
a t i g h t l y  adherent sur face  oxide film produced during t h e  f i n a l  hea t  t reatment  
of  t he  9Cr-I.Mo s tee l  tubes ( i n  a n  exothermic gas atmosphere).  
a l k a l i n e  permanganate d ip ,  followed by immersion i n  a n i t r i c -hydro f luo r i c  ac id  
bath,  and f i n a l l y  c leaning with a steam sp ray .  

It employs a n  

2 .  Development of Fabr i ca t ion  Processes  

Experiments were conducted by Cromer Processing Company, Long 
Beach, Cal i forn ia  and Cooney's Pipe and Copper Works, Wilmington, Ca l i fo rn ia ,  
subcontractors  o f  Western Way Manufacturing Company, Van Nuys , Cal i fo rn ia  (SNAP- 
8 cont rac tor  f o r  T-T b o i l e r  f a b r i c a t i o n ) ,  on procedures f o r  c o i l i n g  t h e  b o i l e r  
wi th  var ious internal- tube-reinforcement  materials. Sample c o i l s  were bent  w i th  
no reinforcement and with t r e e - r e s i n  o r  sodium t h i o s u l f a t e  (hypo) reinforcement 
material. It w a s  determined t h a t  t ree  r e s i n  was required i n  t h e  annulus formed 
between t h e  ex te rna l  sur face  of  t he  mercury-containment tubes and t h e  i n t e r n a l  
sur face  of the o u t e r  321 SS tube .  The i n t e r i o r  of  t h e  9Cr-lMo mercury-contain- 
ment tubes ,  it was found, required no reinforcement when t h e  34.5-in.-dia tube 
assembly w a s  bent,  but  t r e e - r e s i n  reinforcement w a s  requi red ,  t o  avoid excessive 
tube co l lapse ,  when t h e  20.5-in .-dia assembly was ben t .  
were es tab l i shed  a t  the  Von Karman Center through support  o f  t he  f a b r i c a t o r s '  
experimental  program i n  order  t o  completely remove t h e  t ree  r e s i n  a f te r  b o i l e r  
c o i l i n g .  
proved adequate.  The experimental  e f f o r t  and t h e  success fu l  procedures estab- 
l i shed  f o r  T-T b o i l e r  c leaning are descr ibed i n  Ref. 3 (pp .  I V - 4  and -5 )  and 
Ref. 5 (pp . IV-2 and -3) . 

Cleaning procedures 

Double-cycle c leaning wi th  an  a l k a l i n e  s o l u t i o n  (MIL-C-14460, Type I )  

B . SPECIFICATIONS 

The following s p e c i f i c a t i o n s  were i ssued  o r  amended during t h i s  
repor t  period : 
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I 

No. T i t l e  

AGC-10319/2 Degreasing of s~~Ap-8  Nonprecision Components 
and Systems, Procedure f o r  

AGC-10319/4 Cleaning of sWp-8 Non-mercury Test Support 
Subassemblies, Workhorse Equipment, and Raw 
Mate r i a l s ,  Procedure f o r  

AGC-10319/3 Acid P ick l ing  of Nonprecision SNAP-8 Com- 
ponent P a r t s ,  Procedure f o r  

AGC-10319/6 Cleaning of SMp-8 Power Conversion System 
Components P r i o r  t o  F i n a l  Assembly, Pro- 
cedure f o r  

AGC-10197 Al loy  S t e e l ,  Sheet, S t r i p ,  B a r ,  P l a t e  and 
Forging ( 9  Chromium - 1 Molybdenum) 

AGC -10226 S t e e l ,  Cleaning and Dehydration, Procedure 
f o r  

I V .  TEST OPERATIONS SUPPORT 

A .  RATED POWER LOOP-2 (WL-2) 

This loop i s  being operated t o  eva lua te  t h e  performance of var ious  
SNAP-8 components, including t h e  mercury b o i l e r  , TAA, condenser, and mercury 
PIN. 
a d d i t i o n s  i n  t h e  mercury. Three operating runs were completed during t h i s  
r e p o r t  pe r iod .  I n  February 1965 t h e  loop w a s  operated wi th  no Rb a d d i t i v e .  
P r i o r  t o  t h i s  run t he  mercury inventorywas  changed and t h e  mercury dump tank  
w a s  c leaned .  I n  March a s i n g l e  Rb i n j e c t i o n  (1180 ppm) w a s  made a t  t h e  start of 
a t e s t  run, and t h e  loop operated wi th  no f u r t h e r  add i t ions  u n t i l  it w a s  shut  
down (because of apparent  degradat ion of b o i l e r  performance, as discussed below). 
f i 1 b c l  the nerx ry  inventory  w a s  changed and t h e  dump tank  w a s  cleaned, t h e  loop 
was operated f o r  a f i n a l  period during May and June wi th  no Tu addl t l - ;~.  

A t e s t  s e r i e s  w a s  completed during November-December 1964 wi th  rubidium 

A n.L e- 

1. Mercury Loop 

a .  Bo i l e r  Cleaning 

P r i o r  t o  loop operation i n  February wi th  no Rb i n  t h e  
mercury, t h e  RPL-2 b o i l e r  was cleaned t o  remove any r e s i d u a l  contamination from 
t h e  previous opera t ing  period t h a t  could p o t e n t i a l l y  i n h i b i t  proper b o i l e r  con- 
diticiiii:ig +hull EiDL-2 op- ra t ion  w a s  resumed I) 

oxides ,  i n t e r n a l - s u r f a c e  scale, o r  s i l i c o n e - o i l  decomposition products.  The 
boiler wzs cleaned by an ou t s ide  cont rac tor  (Consolidated-American Serv ices  , Inc , 
Hawthoraw, C a l i f o r n i a ) ,  using the  procedure described as Method I1 i n  Aeroje t  
S p e c i f i c a t i o n  AGC-10319 /6 .  The d ry i rg  was performed by f lu sh ing  wi th  hot  n i t r o -  
gen u n t i l  a dewpoint of -&OF was achieved. The n i t rogen  used was from a l i q u i d  
n i t r o g e n  source t h a t  w a s  f r e e  of impur i t ies ,  as determined by gas chromatography. 

The p o t e n t i a l  contaminants a r e  Rb 
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b .  Rubidium Additions 

A s  t h e  WL-2 b o i l e r  accumulated opera t ing  t i m e ,  t h e  b o i l e r  
performance became less dependent on t h e  presence of  t h e  a d d i t i v e  Rb. The per-  
formance during November-December 1964, when t h e  f i r s t  run was made wi th  R b ,  i s  
described i n  R e f .  6 .  This performance was unpredictable ,  and per iodic  add i t ions  
were required t o  maintain t h e  proper b o i l e r  hea t  t r a n s f e r .  The t e s t  i n  February 
1965, during which no Rb w a s  added, l a s t e d  approximately 100 hours .  
t h e  s tar t ,  the b o i l e r  was alkal ine-cleaned (us ing  t h e  procedure descr ibed i n  
Aero je t  Spec i f ica t ion  AGC-10319/6) , t he  mercury inventory  w a s  replaced , and t h e  
mercury dump tank was cleaned of  a l l  t r a c e s  of Rb and/or i t s  oxides .  
d id  not  achieve t h e  r a t ed  mercury-output condi t ions .  
which included Rb a d d i t i v e  t o  achieve proper b o i l e r  performance, l a s t e d  more 
than  100 hours.  Contrary t o  t h e  experience i n  t h e  November-December 1964 t e s t  
(see R e f .  5, p .  I V - 3 ) ,  on ly  a single i n j e c t i o n  of Rb w a s  s u f f i c i e n t  t o  maintain 
s a t i s f a c t o r y  b o i l e r  performance throughout t h e  run, which included t h r e e  shut -  
downs. 
Rb w a s  s u f f i c i e n t  f o r  b o i l e r  su r f ace  condi t ion ing .  The May-June 1965 t e s t  run 
w a s  conducted wi th  no Rb a d d i t i v e ,  and it w a s  found t h a t  none was required f o r  
s a t i s f a c t o r y  b o i l e r  performance. To ensure the  absence of Rb i n  s o l u t i o n  a t  t h e  
start ,  the  mercury inventory was changed and t h e  mercury dump tank  w a s  a l k a l i n e -  
cleaned (as it had been p r i o r  t o  the  February t e s t ) .  

P r i o r  t o  

The b o i l e r  
The next t es t  run i n  March, 

Although Rb loss apparent ly  occurred during each shutdown, t h e  remaining 

It i s  suggested t h a t  t h e  Rb produces wet t ing  between t h e  
mercury and the tube w a l l  and t h a t  t h i s  f a c i l i t a t e s  hea t  t r a n s f e r .  Without Rb 
bu t  w i th  s u f f i c i e n t  opera t ing  time, as had been noted previously,  t h e  b o i l e r  
su r f ace  becomes "conditioned ." An a d d i t i v e  i s  not  required t o  u l t i m a t e l y  
achieve proper b o i l e r  performance. A s  t h i s  IIPL-2 b o i l e r  accumulated more 
opera t ing  hours the  mercury su r face  thus  became conditioned and t h e  b o i l e r  w a s  
a b l e  t o  perform proper ly  without  t h e  a d d i t i v e .  
agent  during what would otherwise have been a nonperforming run- in  pe r iod .  
hours accumulated up t o  t h e  start o f  t h e  May-June tes t  apparent ly  produced t h e  
necessary conditioned su r face ,  and t h e  r e s u l t  w a s  s a t i s f a c t o r y  b o i l e r  per-  
formance, w i t h  no need f o r  R b  a d d i t i v e .  

The Rb served as a condi t ioning 
The 

After  t h e  IIPL-2 mercury b o i l e r  started opera t ing  sat is-  
f a c t o r i l y  without Rb, pe r iod ic  res idue  and mercury samples were taken  from t h e  
loop  during shutdowns. It was found t h a t  t h e  mercury remained f r e e  o f  Rb b u t  
t h a t  res idues from piping,  components, and t h e  su r face  of t h e  mercury i n  t h e  
dump tank contained t r a c e s  o f  Rb, probably i n  t h e  form of  a n  oxide.  The Rb 
depleted from t h e  mercury during previous runs appa ren t ly  w a s  removed by oxida- 
t i o n ,  due t o  a i r  exposure during component replacement o r  t o  oxid iz ing  impur i t i e s  
i n  the  argon-cover-gas system o f  t h e  mercury loop .  The Rb oxide w a s  deposi ted 
on piping o r  component su r faces  o r  was washed i n t o  t h e  dump tank  during subse- 
quent mercury dumps. Apparently,  t h i s  material cannot r e a d i l y  be completely 
washed o f f  a metal surface;  i t  has been c o n t i n u a l l y  de t ec t ed ,  i n  ever-decreasing 
ariloailyJJ i i L  a l l  res idue  samples analyzed during t h i s  r e p o r t  pe r iod .  Reports on 
Rb analyses  a re  presented i n  Refs. 1 ( p .  I V - 8 ) ,  3 (pp .  IV-6 and - 7 ) ,  5 ( p .  I V - 3 ) ,  
and '7 ( p p .  LIT-: c n i ~  -2)  . 
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c . Organic-Fluid Contamination 

Analyses of residue samples p e r i o d i c a l l y  removed from 
mercury-loop components i n d i c a t e  t h a t  organic mater ia l s  a r e  en ter ing  t h e  loop.  
Mix-4P3E was de tec ted ,  as were various o i l s  used i n  vacuum pumps i n  t h e  system. 
An inves t iga t ion  w a s  conducted t o  determine p o t e n t i a l  sources of these  organics;  
t he  r e s u l t s  a r e  presented i n  Ref. 7 (pp .  IV-2 and -3).  

The spec i f i c  source of t hese  f l u i d s  i s  not apparent  a t  
p re sen t .  A danger e x i s t s ,  however, t h a t  they could be t ransported t o  and de- 
condi t ion a s a t i s f a c t o r i l y  operat ing b o i l e r .  
L. Rosenblum a t  the  NASA Lewis Research Center i n d i c a t e  t h a t  even a very  t h i n  
sur face  o i l  f i l m  may prevent proper hea t  t r a n s f e r  from t h e  tube w a l l  t o  t h e  
mercury stream. 

Capsule t e s t s  conducted by D r  - 

d . Part iculate-Matter  Contamination 

Residue samples containing me ta l l i c  elements have 
p e r i o d i c a l l y  been removed from RPL-2. The res idues  var ied i n  quant i ty ,  p a r t i c l e  
s i z e ,  and chemical composition. Deposits not a f f e c t i n g  loop opera t ion  were 
found during t h i s  r epor t  period; t h e i r  chemical composition ind ica ted  mercury 
corrosion,  and they  were of extremely small p a r t i c l e  s i z e .  However, ins tances  
of component-performance degradation did occur because s u f f i c i e n t l y  l a r g e  
me ta l l i c  p a r t i c l e s  were present  t o  clog small mercury-flow passages.  It ap- 
pears  t h a t  p a r t i c u l a t e  matter, wilatever l t s  origi-n-, i s  heing c i r cu la t ed  through 
t h e  loop by t h e  mercury. Because l a r g e r - p a r t i c l e  t r a n s f e r  could impair per-  
formance, f i l t e r  screens were incorporated upstream of  c r i t i c a l  components t o  
minimize flow-passage clogging.  

(1) Plug-In Boiler-Tube-Inlet Res t r i c to r  O r i f i c e  

Af t e r  t h e  March t e s t  per iod,  t h e  b o i l e r - i n l e t  
manifold w a s  removed. A p a r t i c l e  w a s  found lodged i n  the  upper - le f t  tube-in- 
l e t - r e s t r i c t o r  o r i f i c e  ( s e e  Figure 2 ) .  
w a s  of mild s t e e l  and probably was a machining chip ( s e e  Ref 
P o t e n t i a l  loop sources f o r  t h i s  chip a r e  the  turbine-s imulator  l i n e s  and some 
mlld-steel ?arts nf t he  b o i l e r .  

Evaluation indicated t h a t  t h e  p a r t i c l e  
5,  p e I V - 3 ) .  

( 2 )  Mercury Pump-Motor Assembly 

Af ter  t h e  March t e s t  per iod,  partial disassembly 
of t h e  mercury PMA revealed t h a t  s o l i d  p a r t i c u l a t e  ma te r i a l  had clogged the  
jet-pump o r i f i c e ;  t h i s  mater ia l  looked l i k e  the  residues previously removed 
from t h e  loop .  
p .  I V - 5 )  ind ica ted  a mixture of m e t a l l i c  ch ip- l ike  p a r t i c l e s  and weld s p a t t e r .  
One weld-spa t te r  p a r t i c l e  consis ted of  316 SS. The remaining w e l d  s p a t t e r  and 
t r e  mgnetL:  cliigs vere of an iron-base ma te r i a l ,  bu t  the  ana lys i s  did not  
d e f i n i t e l y  e s t a b l i s h  t h e  a l l o y .  One nonmagnetic p a r t i c l e  consis ted of  S t e l l i t e  
6B; two valves  i n  t h e  system contain S t e l l i t e  6B, as does the  tu rb ine  assembly. 
A n  analysis ind ica ted  t h a t  t h i s  p a r t i c l e  could be part of the  t r a i l i n g  edge of 
a tu rb ine  nozzle .  

Chemical ana lys i s  and metallographic examination ( s e e  Ref. 5, 
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(3) Turbine 

A turbine-pressure t ransducer  w a s  removed f o r  C a l i -  

b r a t i o n  during a loop shutdown. A wet brown res idue  w a s  found i n  the  1 /4- in .  
loop standoff l i n e  t o  t h e  t ransducer .  
res idue  contained approximately 17% Rb, probably i n  t h e  form of an  oxide; t h e  
balance w a s  p r imar i ly  Fe, w i th  a s i g n i f i c a n t  quan t i ty  of  N i  and minor amounts of 
Mg, S i ,  and Cu. 
a f f e c t e d .  
oxides similar t o  those prev ious ly  found i n  t h e  mercury loop .  
had been car r ied  by the  mercury vapor from t h e  b o i l e r  and deposi ted i n  t h e  pres -  
sure- t ransducer  l i n e .  

Q u a l i t a t i v e  a n a l y s i s  ind ica ted  t h a t  t h e  

The f i n c t i o n  and c a l i b r a t i o n  of t h e  t ransducer  had not been 
It was concluded t h a t  t h e  res idue  consis ted of f i n e l y  divided m e t a l l i c  

Apparently they  

2 .  N a K  Primary Loop 

Various p ipe  sec t ions  and components of t h e  WL-2 NaK primary 
Some analyses  were loop were analyzed and evaluated during t h i s  r epor t  per iod .  

conducted as part of  a continuous eva lua t ion  of  loop-operat ion e f f e c t s ,  and 
o the r s  because of component f a i l u r e .  
t h e  loop  before the  later-1964 incorpora t ion  and use of  a NaK-purification sys-  
t e m .  A marked improvement i n  NaK-primary-loop oxygen c o n t r o l  occurred subse- 
quent ly ,  as evidenced by t h e  absence,  toward t h e  end of t h i s  report per iod,  of 
observable component degradat ion due t o  mass- t ransfer  bui ldup.  

A l l  evaluated components had operated i n  

a .  NaK-Flow Venturi  

The t h r o a t  s e c t i o n  of t he  NaK-flow ven tu r i  w a s  examined 
i n  January 1965 a f t e r  approximately 800 hours of ope ra t ion .  
had been accumulated i n  t h e  loop during opera t ion  without  oxygen c o n t r o l .  
Water-flow t e s t s  ind ica ted  that t h e  ven tu r i  readings would imply flow rates 25% 
higher  than  the a c t u a l  rates.  The i n l e t  and t h r o a t  contained mass- t ransfer  
depos i t s ;  the  o u t l e t  contained a much smaller amount of  deposi ted material. 
The depos i t  had f laked o f f  t he  ventur i  w a l l  i n  l o c a l  areas of t h e  t h r o a t .  The 
remainder of  t h e  depos i t  w a s  tenacious but  could be scraped from t h e  walls.  A 
sample of t he  res idue ,  analyzed q u a l i t a t i v e l y  by emission spectroscopy,  was 
found t o  contain t h e  approximate r a t i o s  of chromium, n i cke l ,  and molybdenum 
found i n  316 SS (17 t o  1 2  t o  2.5, r e s p e c t i v e l y ) .  
p r i n c i p a l l y  magnetic, some nonmagnetic res idue  was found.  

Most of t h i s  t i m e  

Although t h e  res idue  w a s  

b . NaK-Heater Connection P ip ing  

Sec t ions  of t h e  loop  piping a t  t h e  gas - f i r ed  NaK-heater 
i n l e t  and o u t l e t  were examined during January; t h e i r  r e spec t ive  opera t ing  
temperatures are  1100 and 1300°F. The i n l e t  w a s  coated wi th  a t h i n ,  g ray ish-  
black,  c r y s t a l l i n e  d e p o s i t .  The o u t l e t  contained no depos i t s  and had a matte 
f i n i s h  of  s i l ve r -g ray  with a m e t a l l i c  l u s t e r .  The mic ros t ruc tu re  of  t he  i n l e t  
s ec t ion  i r i u i m w d  a sur face  depos i t  and an  i n t e r g r a n u l a r  depos i t  extending ap- 
proximately 0.001 i n .  c ross  s e c t i o n a l l y  i n t o  t h e  p i p e .  
t h e  outleL pipi% indica ted  t h e  poss ib l e  presence of minor d e p o s i t s ,  bu t  i n t e r -  
g ranular  pene t ra t ion  w a s  not ev iden t .  

The micros t ruc ture  of  
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e .  Electromagnetic Pump 

Mass- t ransfer  depos i t s  were found i n  t h e  pumping s e c t i o n  
of t h e  primary NaK EM pump t h a t  was removed from t h e  loop a t  t h e  end of 1964. 
The depos i t s  r e su l t ed  i n  reduced N a K  f l a w  through t h e  pump a t  t h e  r a t e d  cu r ren t  
f low. They were hard and tenacious and appeared t o  be concentrated i n  bus-bar- 
attachment a r e a s .  
Company) f o r  examination, w i t h  a reques t  that t h e  t h r o a t  s e c t i o n  of t h e  NaK pipe 
be returned f o r  Aero j e t  eva lua t ion .  

The pump w a s  returned to  t h e  vendor (Mine S a f e t y  Appliances 

d . NaK-to-NaK Heat Exchanger 

An a n a l y s i s  w a s  performed on t h e  316 SS, NaK-to-NaK, 
hea t  exchanger t h a t  f a i l e d  a f t e r  1356 hours and 47 cycles of primary-loop (PL) 
opera t ion  and 1170 hours and 44 cycles  of hea t - re jec t ion- loop  (HRL)  ope ra t ion .  
The f a i l u r e  occurred a t  t h e  o u t l e t  end of t h e  h e a t  exchanger. 

The 316 SS heat-exchanger ma te r i a l  w a s  not de t r imen ta l ly  
a f f e c t e d  by t h e  se rv ice  cond i t ions .  However, t h e  ope ra t iona l  s t r e s s e s  imposed 
on t h e  hea t  exchanger a t  t h e  weld connecting it t o  the heavy-walled loop piping 
appa ren t ly  exceeded t h e  u l t ima te  s t r eng th  of t h e  t h i n  exchanger-shell ma te r i a l ,  
r e s u l t i n g  i n  component f a i l u r e .  Evidence w a s  found t h a t  both metal  mass t r a n s -  
f e r  and carbon t r anspor t  had occurred. 
occurred dur ing  previous loop opera t ion  without t h e  NaK-purification system. 
According t o  Oak Ridge Nat ional  Laboratory r e s u l t s  ( R e f .  8), t h e  source of ca r -  
bon t r anspor t ed  t o  the  316 SS i n  t h i s  system i s  t h e  NaK-exposed su r face  of t h e  
gCr-IN0 s t e e l ,  mercury-boiler t ube .  A de t a i l ed  r epor t  on t h e  a n a l y s i s  of t h i s  
component i s  presented i n  Ref. 7 (pp.  IV-3 and -4 ) .  

The mass t r a n s p o r t  i s  assumed t o  have 

Following t e s t s  i n  FU?L-2, t he  b o i l e r  w i l l  be dismantled 
and evaluated t o  determine t h e  ex ten t  of decarbur iza t ion .  The e f f e c t  of such 
deca rbur i za t ion  on t h e  creep and rupture s t r e n g t h  of 9Cr-lMo s t e e l  a t  approxi- 
mately t h e  maximum boi le r -opera t ion  temperature (13OOOF) i s  being evaluated i n  
pressur ized-capsule  t e s t s  a t  Aerojet-General Nucleonics ( s e e  Ref. 9, pp. VIII- 
20 t o  -28).  

e - Dete r io ra t ion  of Heat-Transfer Cement 

A graphite-base,  h e a t - t r a n s f e r  cement (Thermon Type 
T-63 produced by Thermon Manufacturing Company, Houston, Texas ) had been applied 
t o  provide a h e a t - t r a n s f e r  medium between t r a c e  hea te r s  and t h e  FPL-2 l i q u i d -  
metal l i n e s .  Examination after the  March opera t ing  period ind ica t ed  t h a t  t h e  
cement had degraded on s e v e r a l  l i n e s  (see Ref. 3 ,  pp. I V - 5  and -6) 
in s t ance ,  t h e  cement temperature w a s  below t h e  maximum use temperature spec i f i ed  
by t h e  vendor. 
r a i s e d  t h e  cement temperature s i g n i f i c a n t l y  above the  spec i f i ed  maximum of 
1250°F. 
cement b inde r  ad jacent  t o  the  hea te r  sheaths.  
converted i n t o  an  i n s u l a t i n g  m a t e r i a l .  N o  evidence of cement degradat ion was 
apparent  on l i n e s  maintained a t  6 0 0 0 ~  o r  lower. 

I n  one 

I n  another  i n s t ance ,  improper c o n t r o l  of NaK-line hea te r s  

The degradation r e su l t ed  from g raph i t e  ox ida t ion  and melting of t h e  
The h e a t - t r a n s f e r  cement w a s  thus 

The cement w a s  removed from the  
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~ high-temperature l i n e s  t o  prevent poss ib l e  t r ace -hea te r  (and perhaps l iqu id-meta l -  
p ipe)  f a i l u r e s  . 
trace-heating-element c i r c u i t s  t o  l i m i t  t h e  maximum sheath temperatures .  

Temperature-control instrumentat ion w a s  incorporated i n  t h e  

f .  Cleaning of  Transducers 

A technique w a s  developed t o  c l ean  t ransducers  t h a t  be- 
come contaminated and/or clogged wi th  a mixture of NaK and oxides  (see Ref. 10, 
p .  IV-6). 
t ransducers ,  which occurred because t h e  loop  was operated without  t h e  NaK-purifi- 
ca t ion  system. The temperature l i m i t a t i o n  of  t ransducers  r equ i r e s  a temperature- 
reducing s tandoff- leg connection between t h e  loop  and t h e  t ransducer .  This 
s tandoff  l e g  ac ted  as a n a t u r a l  cold t r a p  f o r  t h e  NaK loop, lead ing  t o  t h e  

The requirement f o r  c leaning r e su l t ed  from t h e  clogging o f  WL-2 

1 
p r e c i p i t a t i o n  o f  oxides  . I 

A procedure w a s  a l s o  e s t ab l i shed  f o r  t h e  c leaning  of o i l -  I 
contaminated t ransducers  (Ref 1, p .  IV-10). 

g . Compatibi l i ty  Between Indium and 
Thermocou2le-Well Materials I 

Indium i s  employed i n  thermocouple wells i n  t h e  SNAP-8 
loop as a hea t - t r ans fe r  medium between t h e  w e l l  and t h e  thermocouple shea th .  
Tests were conducted t o  eva lua te  t h e  compa t ib i l i t y  between indium and 410 and 
316 SS ( t h e  thermowell and sheath materials ) . 
exposed f o r  2000 and 2500 hours a t  1300°F. 
t h a t  t h e  410 SS and 316 SS had not corroded.  

Sealed isothermal  capsules  were 
Metallographic examination ind ica ted  

3.  Lubricant/Coolant Loop 

P rec ip i t a t ed  c r y s t a l s  were found i n a  mix-4P3E sample from the  
f irst  o rde r  f i l l e d  by S h e l l  Development Company, Emeryville,  C a l i f o r n i a .  This  
p r e c i p i t a t i o n  should not  have occurred.  A sample of t h e  decanted l i q u i d  and t h e  
c r y s t a l s  were analyzed by gas chromatography. The resul ts ,  shown i n  Table  1, 
were compared wi th  ( a )  the  o r i g i n a l  vendor a n a l y s i s ,  suppl ied wi th  t h e  de l ivered  
f l u i d ,  and ( b )  t h e  average o f  s eve ra l  recheck ana lyses  performed a t  t h e  Von 
Karman Center ( V K C )  on t h e  as-received f l u i d .  The p r e c i p i t a t e  w a s  found t o  con- 
t a i n  a comparatively high amount of t h e  p-p isomer.  
chemists l ed  t o  a conclusion t h a t  p r e c i p i t a t i o n  r e s u l t e d  from an  excess ive ly  high 
content of p-p isomer i n  t h e  o r i g i n a l  mix-4P3E f l u i d .  
appears t o  be 3%. 
isomer content w a s  g r e a t e r  than  3% (see Table 1). 
w a s  analyzed, and t h e  p-p isomer content  w a s  found t o  be s a t i s f a c t o r y  (i .e ., 
below 3%).  

A d iscuss ion  wi th  S h e l l  

The c r i t i c a l  amount 
A VKC recheck a n a l y s i s  of t h e  f l u i d  confirmed t h a t  t h e  p-p 

A subsequent shipment of f l u i d  

Aero je t  component t e s t i n g  w i t h  mix-4P3E produced da ta  on t h e  
dyrlarnic viaLosity of the f l u i d  ( t h e  cons tan t  o f  p r o p o r t i o n a l i t y  between an  ap-  
p l i ed  stress and t h e  r e s u l t i n g  shear  v e l o c i t y )  t h a t  ind ica ted  mix-4P3E might not  
be a t r u e  ru'cwtonian l i q u i d .  A t  Aerojet  ' s  r eques t ,  S h e l l  Development r an  dynamic 
t e s t s  with a Hoake Rotovisco ( r o t a r y  v iscometer ) .  
ind ica ted  t h a t  t h e  mix-4P3E i s  indeed Newtonian i n  i t s  behavior .  
r e s u l t s  are presented i n  Ref. 1 (pp.  I V - 1 1  and -12 ) .  

Tests a t  68, 122, and 176OF 
Typical  t es t  
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A sample of t h e  mix-4P3E removed from RPL-2 a f t e r  t he  March 
operat ing period w a s  analyzed ( see  Ref. 5, p .  I V - 5 ) .  
ing approximately 800 hours o f  t e s t i n g ,  showed very l i t t l e  change i n  physical  
p rope r t i e s  (which should not a f f e c t  f l u i d  u s a b i l i t y ) ,  but  t h e  f l u i d  w a s  d i s -  
colored.  The d i sco lo ra t ion  appeared t o  have been caused by products of t he  
thermal decomposition of  rnix-kP3E. 
shea th  indicated t h a t  t h e  f l u i d  i n  contact  wi th  t h e  hea te r  sur faces  had been 
heated above the  mix-4P3E decomposition temperature, which i s  800°F. 

This examination, follow- 

A carbonaceous depos i t  on t h e  Calrod hea te r  

4.  NaK-Purification System 

A pipe f a i l u r e  occurred i n  the  HRL purif icat ion-system l i n e  
during t h i s  r epor t  per iod .  The 316 SS pipe ma te r i a l  d i d  not cause the  f a i l u r e ,  
which r a t h e r  appeared t o  be assoc ia ted  with a t r a c e  hea te r  used t o  maintain t h e  
pipe temperature during loop opera t ion .  Five holes  through t h e  pipe w a l l  had 
been produced i n  the  f a i l u r e  area wi th in  an 8 - i n .  pipe l eng th .  
s t r u c t u r e  ind ica ted  t h a t  t h e  316 SS had been molten i n  the  a r e a  of each ho le .  
A NaK f i r e  t h a t  r e su l t ed  from the  f a i l u r e  prevented complete eva lua t ion .  Sub- 
sequent examination of failed t r a c e  heaters  ( see  paragraph IV,B,2,a below) 
ind ica t ed ,  however, t h a t  e l e c t r i c a l  short ing of t he  hea te r  through the  pipe t o  
ground may have caused both f a i l u r e s .  

The micro- 

B .  SYSTEM LOOP TEST FACILITY 1 (SL-1) 

1. Fabr ica t ion  

A theory  was developed, based on LeRC mercury-capsule work, 
t h a t  an o i l  f i l m  on t h e  mercury-tube w a l l  w i l l  prevent proper b o i l e r  condi t ion-  
i n g .  It w a s  reported t h a t  t hese  capsule t e s t s  i l l u s t r a t e  t h a t  o i l  f i lms  as 
l i t t l e  as 6 angstroms t h i c k  (approximately 2 x 10-8 i n . )  could prevent proper 
hea t  t r a n s f e r  from the  tube i n t o  the  flowing mercury. The PCS-1 system w a s  
t he re fo re  cleaned, p r i o r  t o  f i n a l  assembly, t o  remove o i l  res idue  from a l l  su r -  
f a c e s .  The e n t i r e  system w a s  cleaned on an  assumption t h a t  o i l  p resent  i n  any 
part of it could be ca r r i ed  t o  the  bo i l e r  by t h e  mercury and r e s u l t  i n  b o i l e r  
decondi t ioning.  Two a l k a l i n e  cleaning so lu t ions  were used: Cee-Bee Chemical 
Company, Inc  . (Downey, Ca l i fo rn ia )  MX-12 a l k a l i n e  r u s t  remover (approximately 
I W / V  s o d l ~ c  hydr~xide)~ and Alconox ( a n  a l k a l i n e  de te rgent ,  Standard S c i e n t i f i c  
supply Corporation, New York, N .Y .) . The T U  and mercury HvZ were iWt elezned 
i n  t h i s  fashion,  but i nd iv idua l  parts were u l t r a s o n i c a l l y  cleaned i n  Freon 
during assembly. 

vnd 

Defects were rad iographica l ly  detected on the  inner  sur face  
of 9 C r - l M O  s t e e l  tubing procured ( t o  ASTM-A-213 Grade T 9 )  f o r  mercury-contain- 
ment tubes of PCS-1. Metallographic examination revealed t h a t  these  lap-type 
d e f e c t s  introduced a p o s s i b i l i t y  t h a t  metal s l i v e r s  would be removed during 
loop ope ra t ion .  A l l  gCr-lMo s t e e l ,  PCS-1, mercury-loop tubing w a s  X-rayed, and 
;lid s i c t t o r i s  x n t a i n i n g  defec ts  of t h i s  type were replaced.  

9 



Report No. 3038 

2. Evaluat ion and Analysis of Loop Sect ions 

a .  Trace Heaters 

Sec t ions  of t h r e e  t r a c e  h e a t e r s  removed from t h e  L/C l i n e  
of  SL-1 were evaluated af ter  two of them f a i l e d .  
broken and the sheath and melted i n  the  area of t h e  break, ( 2 )  another  contained 
a broken Nichrome heat ing element ( t h e  sheath appeared i n t a c t ) ,  and (3) t h e  o the r  
had a s i g n i f i c a n t  increase  i n  e l e c t r i c a l  r e s i s t a n c e  (from 18 ohms t o  26 ohms). 
Metallographic and radiographic  examination ind ica ted  t h a t  t h e  f i rs t  two hea te r s  
f a i l e d  because the  Nichrome hea t ing  wire melted due t o  overheating (see R e f .  5, 
p .  IV-5). 
i n s u l a t i o n  and shorted t h e  hea t ing  wire t o  the  shea th .  It i s  presumed t h a t  t he  
cracks were produced when t h e  hea te r s  were bent  t o  fit  t h e  loop-pipe contour .  
The apparent primary cause of  t he  overheat ing was t h e  un in ten t iona l  presence of 
thermal in su la t ing  material between the  hea te r  and t h e  p ipe  i n  loca l i zed  areas. 
The t race-hea ter  i n s t a l l a t i o n  procedure w a s  changed so t h a t  thermal i n s u l a t i o n  
was kept from c r i t i c a l  areas of  t h e  assembly. The incorpora t ion  of  temperature- 
con t ro l  instrumentat ion,  and/or change i n  t h e  l o c a t i o n  of con t ro l  thermocouples, 
should minimize t h e  danger of  overheat ing.  

It was found that (1) one had 

The molten w i r e  had flowed through cracks i n  t h e  magnesium oxide 

b .  NaK Heat-Rejection-Loop Chempump 

The HFZ Chempump (manufactured by t h e  Chempump Divis ion  
of  Fos to r i a  Corporation) f a i l e d  af ter  a few seconds of r o t a t i o n  during a w e t  
shakedown t e s t  conducted i n  May. Three samples were co l l ec t ed  whi le  t h e  pump 
was being disassembled: 
( 2 )  a f l ake - l ike  p a r t i c l e  (3/4 by 1-1/4 i n . )  was removed from t h e  pump housing, 
and (3)  residue scrapings were obtained from t h e  bear ing housing. The t h r e e  
samples were t r e a t e d  wi th  a l coho l  and were water-washed t o  remove NaK or NaK 
oxide.  The res idue  recovered from t h e  NaK sample appeared t o  be  a mixture of  
very f i n e ,  multicolored p a r t i c l e s .  
i n  co lor ,  was so luble  i n  t h e  water and i s  presumed t o  have cons is ted  of  f i n e l y  
divided oxides of N a K .  Microscopic examination of t h e  in so lub le  res idues  from 
t h e  housing scrapings and from t h e  l i q u i d  N a K  removed from t h e  housing revealed 
they  were composed of f i n e  magnetic and nonmagnetic m e t a l l i c  p a r t i c l e s  and non- 
m e t a l l i c  p a r t i c l e s  t h a t  were whi te ,  t an ,  red ,  and t r anspa ren t .  The p a r t i c l e s  
were too  small f o r  i nd iv idua l  a n a l y s i s .  A combined q u a l i t a t i v e  a n a l y s i s  by 
emission spectroscopy indica ted  s i g n i f i c a n t  q u a n t i t i e s  o f  Fe,  N i ,  C r ,  Mo, A l ,  
Mn, and S i .  
ing  t h a t  occurred during t h e  fa i lure .  
t h e i r  appearance and t h e  composite a n a l y s i s ,  could have represented (1) a n  
abras ive  used f o r  powder b l a s t i n g ,  o r  ( 2 )  r e s idue  from a gr inding  ope ra t ion .  
Their  presence would be explained by incomplete removal af ter  some pump component 
was exposed t o  such a n  opera t ion  p r i o r  t o  assembly. 
infrared-absorpt ion a n a l y s i s  of t h e  f l a k e - l i k e  p a r t i c l e  ind ica ted  it was a 
polyineric riiateriul similar t o  polyvinylidene c h l o r i d e .  I ts  source i s  not  ap- 
parent  a t  t h i s  t i m e .  

(1) A sample of l i q u i d  NaK was drained from t h e  housing, 

A po r t ion  of t h i s  res idue ,  appa ren t ly  b lack  

The m e t a l l i c  p a r t i c l e s  appa ren t ly  r e s u l t e d  from pump-bearing g a l l -  
The nonmetal l ic  p a r t i c l e s ,  according t o  

Microscopic examination and 
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C .  LIQUID-NaK LOOP 3 (Lm-3) 

1. Loop and Component Cleaning 

The SNAP-8 LNL-3 system i s  being operated t o  evaluate  t h e  per-  
formance c h a r a c t e r i s t i c s  of  t he  NaK PMA. A t  t h e  beginning of t h i s  r epor t  period 
t h e  loop had operated wi th  no oxygen-control procedure. 
w a s  subsequently incorporated.  While the  loop w a s  being operated wi th  a proba- 
b l e  high oxygen content ,  t he  loop and severa l  pumps undergoing t e s t i n g  required 
i n t e r n a l  f lush ing  t o  remove oxide buildup. The f i r s t  pump t e s t e d  w a s  disassem- 
bled i n  an  o i l  bath and t h e  oxide buildup w a s  confirmed. 
and t h e  loop were flushed without disassembly. The procedure (Ref e 7, pp. I V - 5  
and -6) u t i l i z e s  a l coho l  and water  as f lushing media. 
t o  be cleaned while  i t  i s  i n s t a l l e d  i n  a loop, and avoids time-consuming and 
c o s t l y  teardown and reassembly t o  r e s t o r e  the  u n i t  t o  a n  operable condi t ion .  

An i n - l i n e  cold t r a p  

Two subsequent pumps 

It permits the  NaK PMA 

A black res idue  was found i n  the  cleaning f l u i d s  when t h e  
las t  pump (PMA P a r t  No. 09320O-13Ay S e r i a l  No. A - 1 )  was cleaned by i n t e r n a l  
f l u sh ing .  Inf ra red  spectrophotometry produced a representa t ive  curve that w a s  
not  i d e n t i f i a b l e .  A review of t h e  assembly and opera t ion  procedures ind ica ted  
t h a t  one, o r  a combination o f ,  f i v e  organic ma te r i a l s  could have been t h e  source 
of t h e  residue:  ( a )  Duoseal vacuum-pump o i l ,  ( b )  mix-kP3E, ( e )  DC-703 s i l i c o n e  
o i l ,  ( d )  MIL-L-644 p re se rva t ive  o i l ,  and ( e )  Freon-TF. These mater ia l s  w i l l  be 
reacted wi th  NaK a t  500°F, and the  inf ra red-ana lys is  curve f o r  the  r e s u l t a n t  
res idue  w i l l  be compared wi th  t h e  curve f o r  t h e  res idue  found i n  t h e  cleaning 
f l u i d .  

2 .  Component Analysis 

Two NaK PMA housings - P a r t  No. 093247, S e r i a l  Nos. A - 1  and 
A-5  - were evaluated ( see  Ref. 3, pp. IV-8 and -9) a f t e r  NaK leaks  developed 
during opera t ion  t e s t s .  
and, i n  one ins tance ,  a cas t ing  cold-shut r e su l t ed  i n  an  unfused through-wall 
plug.  It w a s  concluded t h a t  the  NaK leaks were caused by cas t ing  d e f e c t s .  

It w a s  found t h a t  t h e  cas t ings  had excessive po ros i ty  

On t h e  assumption t h a t  po ros i ty  de fec t s  undetectable  by non- 
des t ruc t ive-Les t  t e e k n i q x z  m ~ y  e x i s t  i n  ca s t ings ,  two courses of a c t i o n  were 
pursued: ( a )  Because cas t ings  appear t o  be u n r e l i a b l e  f o r  l \aK s e r v i c e ,  l-ieimi~gs 
a r e  being f ab r i ca t ed  o r  wrought mater ia l ,  and ( b )  it was decided t o  eva lua te  the  
brush p l a t i n g  of t he  inner  cast-housing sur face  wi th  i r o n  t o  provide a s e a l  
a g a i n s t  N a K  through-wall leakage so tha t  t e s t i n g  could be continued u n t i l  r e -  
placement housings were f a b r i c a t e d .  The brush p l a t i n g  i s  being done by Brook- 
t r o n i c s  Engineering Corporation, North Hollywood, Ca l i fo rn ia .  A housing t h a t  
had previous ly  f a i l e d  due t o  through-wall leakage w a s  brush-plated and returned 
t o  testing; through-wall leakage again occurred.  This housing w t l l  be metal-  
l u r g i c a l l y  evaluated when t e s t i n g  has been completed. 

D .  LIQUID-MERCURY LOOP 3 (m-3) 

'The SIUf!!P-8 LML-3 system i s  being operated t o  evaluate  the  per- 
formance c h a r a c t e r i s t i c s  of t he  mercury PMA. The S e r i a l  No. A - 1  pump w a s  removed 
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from t e s t i n g  and disassembled af ter  120 hours of ope ra t ion .  
ponents t h a t  appeared t o  have been a f f ec t ed  during opera t ion  were evaluated 
( R e f .  10, pp. I V - 3  and - 4 ) .  

and a black,  f l aky ,  r e s idue  (bel ieved t o  be i ron-base-al loy su r face  s c a l e  and/ 
o r  machine ch ips)  w a s  found i n  t h e  mix-kP3E f l u i d .  

Various pump com- 

A pas t e - l i ke  Cerrobend* res idue  w a s  found i n  t h e  visco pump seal, 

The LML-3 system w a s  apparent ly  assembled i n  a manner t h a t  d id  not  
a s su re  ove ra l l  c l e a n l i n e s s .  The observed contaminants, which could cause t h e  
abor t ion  of an otherwise successfu l  t e s t ,  were t ranspor ted  from some p a r t  of 
t h e  system by t h e  mercury and mix-kP3E i n t o  an  o r i g i n a l l y  " s t e r i l e t f  c r i t i c a l  
component, the mercury PMA . 
V .  TFANSFORMER-REACTOR ASSEMBLY, HEAT-SINK TFANSITION J O I N T  

The objec t ive  of  t h i s  t a s k  i s  t o  e s t a b l i s h  a n  adequate j o i n t  f o r  connect- 

The heat s ink  i s  f ab r i ca t ed  of pure aluminum and t h e  L/C-loop piping o f  
ing t h e  heat  s i n k  of t h e  t ransformer-reactor  assembly t o  the  l i n e  of t h e  L/C 
loop .  
304 SS . 

A .  J O I N T  CONCEPT 

The d i r e c t  welding of  aluminum t o  stainless s t e e l  i s  not  a n  es tab-  
l i shed  s t a t e -o f - the -a r t  procedure.  
Nuclear Metals, Inc . (NMI) ,  Concord, Massachusetts provided samples of a hot -  
coextruded t r a n s i t i o n  j o i n t  f o r  eva lua t ion .  An acceptab le  t r a n s i t i o n  j o i n t  
using s t a t e -o f - the -a r t  procedures w a s  made by jo in ing  aluminum t o  copper by 
means of t h e  Koldweld (pressure-welding) process  o f  Kelsey-Hayes Company, t hen  
jo in ing  copper t o  n i cke l  by TIG welding, and then  jo in ing  n i cke l  t o  304 SS by 
TIG welding. Previous ly  prepared l a p  and b u t t  weld samples had ind ica ted  (Ref .  
11, pp. V I I I - 1  t o  -3) t h a t  t he  copper end o f  t h e  cold-welded p a r t  should not  be 
welded d i r e c t l y  t o  t h e  304 SS. It w a s  concluded that a n icke l  t r a n s i t i o n  p iece  
i s  needed between the  copper and t h e  304 SS. 

Severa l  companies are working on t h e  problem. 

There i s  evidence t h a t  copper i s  a t t acked  by  t h e  sNAp-8 L/C f l u i d  

Because of tpe p o t e n t i a l  copper-corrosion problem, it i s  necessary 
(mix-4P3E polyphenyl e t h e r )  i f  t he  system ope ra t e s  under nuc lear  r a d i a t i o n  ( s e e  

t o  apply  a p ro tec t ive  m e t a l l i c  coat ing t o  keep copper from contac t ing  mix-4P3E. 
. R e f .  1 2 ) .  

B -  PROTECTION OF COPPER I N  ALUMINUM-COPPER TRANSITION J O I N T  

A t e s t  program t o  eva lua te  t h r e e  optimum candidate  coa t ings  ( e l e c -  
t r o l e s s  n icke l ,  s i l v e r  over e l e c t r o l e s s  n i cke l ,  and E l e c t r o l i z e d  chromium) w a s  
completed during t h i s  r epor t  period (Ref.  13) .  
( f o r  up to 2 00 hours)  t o  mix-4P3E heated t o  25OOF i n  evacuated g l a s s  capsules  

Coated specimens were exposed 

(10-3 to 10- ;I t o r r . ) .  

MuLa1 Ii-graphic examination of specimens coated wi th  e l e c t r o l e s s  
nickel and s i lver '  over e l e c t r o l e s s  n i cke l  revealed a r e a c t i o n  between t h e  alumi- 
num por t ion  of t h e  t r a n s i t i o n  j o i n t  and t h e  n i c k e l  p l a t i n g .  The r eac t ion  i s  
-~ * A low-melting a l l o y  used f o r  i n t e r n a l  support  of LML-3 l i n e s  when bending w a s  

requi red  during loop assembly. 
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believed t o  have been galvanic cor ros ion  t h a t  occurred during specimen p l a t i n g .  
This a t t a c k  i s  considered de t r imenta l  t o  r e l i a b l e  p ro tec t ion  of t h e  copper ' 

por t ion  of t h e  j o i n t  and e l imina tes  any coating system employing e l e c t r o l e s s  
n i cke l  on aluminum. 

Metallographic examination of specimens coated w i t h  E l e c t r o l i z e d  
chromium revealed s a t i s f a c t o r y  adherence, but coa t ing  voids were found on t h e  
unexposed specimen and coating cracks were found on t h e  exposed specimens. 
These coa t ing  de fec t s  con t r a ind ica t e  t h e  use of E lec t ro l i zed  chromium unless  
a d d i t i o n a l  tests show that they  can be avoided i n  p l a t i n g  and t h a t  subsequent 
exposure does not ,  i n  f a c t ,  de t r imen ta l ly  a f f e c t  t h e  l a y e r .  There a r e  no p l ans  
f o r  a d d i t i o n a l  t e s t i n g ,  because t h e  transformer-reactor assembly development 
t a s k  has been c u r t a i l e d .  
absence of r a d i a t i o n ,  t h e  near - fu ture  t e s t s  of t h e  SNAP-8 system need not r e l y  
on a coated t r a n s i t i o n  j o i n t .  

Since copper i s  r e s i s t a n t  t o  t h e  L/C f l u i d  i n  t h e  

C . DImCT-BONDED ALUMINUM-TO-304 SS JOINT 

An eva lua t ion  of  experimental specimens of d i r e c t  bonding between 
aluminum and 304 SS w a s  a l s o  completed. These specimens were made from a tubu la r  
t r a n s i t i o n  j o i n t  furnished by NMI and were exposed t o  t h e  same t e s t  condi t ions  as 
t h e  coated four-metal t r a n s i t i o n  j o i n t s .  The direct-bonded specimens appeared 
unaffected by the  exposure condi t ions .  
su r f ace  r e a c t i o n  w i t h  t h e  t e s t  f l u i d s  , mix-4P3E o r  mix-4P3E wi th  water  ( s e e  
Figure 3 ) .  I n  mix-hP3E t h e  specimen weight changed i n  such a manner t h a t  , i f  it 
i s  assumed t h e  t o t a l  a t t a c k  w a s  confined t o  t h e  aluminum ( t h e  l i g h t e r  of t h e  two 
me ta l s ) ,  t h e  exposed sur face  w a s  dissolved t o  a depth of  0.2 x 10-5 i n .  Assum- 
ing t h a t  o n l y  t h e  304 SS ( t h e  denser m a t e r i a l )  was a t tacked ,  t h e  conversion of  
t h e  weight change t o  depth of pene t ra t ion  r e s u l t s  i n  even l e s s  su r face  pene t ra -  
t i o n .  I n  mix-hP3E + 1 vel$ H20, a pos i t i ve  specimen-weight change occurred but  
was so s l i g h t  t h a t  metallographic examination d i d  not r evea l  a su r face  r e a c t i o n .  
Add i t iona l ly ,  no evident cross-bond d i f f u s i o n  r e su l t ed  from the  2500-hour exposure 
of t h e  direct-bonded A1-to-304 SS specimen a t  t h e  250°F t e s t  temperature .  

Metallographic examination showed no 

This j o i n t  should be considered f u r t h e r  as an  a l t e r n a t i v e  t o  t h e  
coated four-metal  t r a n s i t i o n  j o i n t s  discussed above. Because it rep resen t s  a n  
advance i i i  tli? state of the art. ( t h e  four-metal t r a n s i t i o n  j o i n t  r ep resen t s  a v a i l -  
a b l e  s t a t e - o f - t h e - a r t  procedures ) , f u r t h e r  t e s t i n g  of environmentai e f f e c  is W O - ~ G  
be r e q u i r e d .  Such t e s t i n g  i s  not planned, because of the dec i s ion  t o  c u r t a i l  
t ransformer- reac tor  assembly f a b r i c a t i o n  and t e s t i n g .  

V I  BIMETAL-TUBE EVALUATION 

A .  9 ~ r - 1 ~ 0 / 3 1 6  SS TUBE 

The ob jec t ive  of t h i s  t a s k  i s  t o  e s t a b l i s h  the  s u i t a b i l i t y  of a b i -  
-netal  tube cuirij?rlsd. of nonrefractory,  conventional ma te r i a l s  as a backup t o  the 
9Cr-lMo s t e e l ,  mercury-containment tube f o r  b o i l e r  s e r v i c e .  

A gCr-LMo stee1/316 SS tube butt-weld j o i n t  specimen w a s  prepared 
by manual TIG welding and w a s  evaluated (Ref .  1 , pp. IV-12 and -13). The abut ted  
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Aii,t:17 krclirninary tes ts ,  a program w a s  conducted t o  eva lua te  s e v e r a l  
of' The bcLtcr r e s u l t a n t  candidate  methods f o r  removing thermal ly  decomposed mix- 
4P3E from a 9Cr-lMo s t e e l  su r f ace .  
cleaned by a double-cycle procedure ( R e f .  3, p .  I V - 9 ) .  

I 

I It was es t ab l i shed  t h a t  t h e  sur face  can be  

gCr-LMo s t e e l  l i n e r  was f i r s t  welded i n  an  area where t h e  316 SS had been re- 
moved by machining. 
SS c lad ,  over t h e  9Cr-lMo s t e e l  weld, using 316 SS f i l l e r  material. Metallo- 
graphic  examination of sample sec t ions  ind ica ted  t h e  r e t e n t i o n  of  i nd iv idua l  
l aye r s  of gCr-lMo s t e e l  and 316 SS i n  t h e  welded area; however, t h e  9Cr-lMo s t e e l  
l i n e r  co l lapsed .  
Stress imposed on t h e  t h i n  w a l l  (0.020 i n . )  by the  higher  thermal con t r ac t ion  of 
t h e  31-6 SS. Addit ional  samples are t o  be prepared t o  a s c e r t a i n  i f  a change i n  
welding techniques w i l l  e l imina te  t h i s  condi t ion  o r  minimize it t o  wi th in  accept -  
a b l e  l i m i t s .  

The j o i n t  w a s  then  completed by f i l l i n g  t h e  void i n  t h e  316 
I 

The co l l apse  may have occurred during welding, because of  t h e  

I B. DEVELOPMENT OF REFRACTORY-BIMETAL TUBING 

The ob jec t ive  o f  t h i s  t a s k  i s  t o  e s t a b l i s h  t h e  a v a i l a b i l i t y  of re- 
fractory-bimetal  tubing as a backup f o r  mercury containment i n  t h e  SNAP-8 system 
i f  experience ind ica t e s  that 9Cr-lMo s t ee l  ( t h e  present  re ference  material) does 
not e x h i b i t  s u f f i c i e n t  mercury-corrosion r e s i s t a n c e  f o r  a l i f e  o f  10,000 hours .  
If direct-bonded tubing ( r e f r a c t o r y  t o  316 SS) cannot be f ab r i ca t ed  or proves t o  
be unusable because o f  high-temperature d i f f u s i o n  e f f e c t s ,  a source i s  t o  be 
developed f o r  re f rac tory-b imeta l  tubing f ab r i ca t ed  wi th  an  i n t e r f a c e  ma te r i a l ,  o r  
ma te r i a l s ,  between t h e  r e f r a c t o r y  and t h e  316 SS. 

An o rde r  f o r  columbium/316 SS tubing was completed by NMI. The tech-  
n i c a l  requirements f o r  t h e  tubing are covered by Engineering Data Sheet No. 
390-64-0188B ( s e e  Appendix A of Ref. 1 4 ) .  
s i z e s  (0.400- and 0,684-in.  ID by 0.055-in.  w a l l ,  of  which 0.020 i n .  w a s  Cb) were 
received and evaluated ( R e f .  1, pp. I V - 1 3  t o  -15). 
confirming metallographic examination (see Figures  4 and 5 )  ind ica ted  t h a t  on ly  
t h r e e  lengths  (none of t h e  l a r g e  I D )  contained an  acceptab le  me ta l lu rg ica l  bond 
between t h e  Cb and t h e  316 SS. 
development of a re f rac tory-b imeta l  tube as part o f  t h e  sNAp-8 program a t  
Aero j e t .  

Twelve tube lengths  of two d i f f e r e n t  

Ul t rasonic  in spec t ion  and 

There i s  no i n t e n t i o n  a t  present  t o  pursue the  

V I 1  . BOILER CONDITIONING STUDIES 

The objec t ives  of t h i s  t a s k  are ( a )  t o  eva lua te  t h e  e f f e c t  o f  var ious  tube-  
su r face  conditions on t h e  capac i ty  o f  t h e  SWp-8 b o i l e r  t o  produce a superheated 
mercury vapor on system s t a r t u p ,  and ( b )  t o  e s t a b l i s h  procedures f o r  removing any 
surface residue found t o  be de t r imenta l  t o  b o i l e r  condi t ion ing .  

I 

A e MIX-4P3E RESIDUE KENOVAL I 
T h e r e  i s  a p o t e n t i a l  danger t h a t  mix-4P3E may e n t e r  t h e  mercury sys-  

Se lec ted  t e s t s  were per -  tem through the var ious L /C- f lu id ,  mercury i n t e r f a c e s .  
formed t o  evaluate  methods of removing t h i s  contaminant i f  i n t r u s i o n  i n t o  t h e  
b o i l e r  does occur and if t h e  f l u i d  i s  thermal ly  decomposed on t h e  mercury-tube 
w a l l .  

I- - 



Report No. 3038 

The res idue  i s  f i r s t  oxidized i n  an  a i r  atmosphere a t  1300°F. The 
sur face  i s  then  solution-cleaned w i t h  Turco Products,  Inc . f l u i d s  as follows: 
Turco 4931 followed by Turco 43382 and f i n a l l y  by Turco 4931 aga in .  
perimental  e f f o r t  w i l l  be documented by a Technical Memorandum. 

The ex- 

B.  LOOP TESTS 

A t a s k  was s t a r t e d  i n  March 1965 t o  r e a c t i v a t e  Component Test  Loop 
2 (CTL-2) and i n v e s t i g a t e  t h e  e f f e c t  on b o i l e r  performance c rea ted  by adding 
rubidium t o  t h e  mercury. 
s m p - 8  L/C f l u i d  (mix-kP3E) on b o i l e r  performance, ( 2 )  t h e  amount of Rb necessary 
t o  improve t h e  performance of t h e  deconditioned b o i l e r ,  and (3)  t h e  amount of 
Rb l o s t  during an  extended loop run. An apparatus w a s  designed and f ab r i ca t ed  
f o r  making cont ro l led  Rb add i t ions  or a mix-4P3E a d d i t i o n  t o  t h e  mercury i n  
CTL-2. 

I ts  ob jec t ives  a r e  t o  determine (1) t h e  e f f e c t  of t h e  

1. Test-Loop Modifications 

a .  Bypass f o r  Mix-kP3E Addit ion 

To provide t h e  necessary b o i l e r  decondi t ioning p r i o r  t o  
Rb a d d i t i o n s ,  a valved capsule was i n s t a l l e d  i n  p a r a l l e l  w i t h  t h e  mercury-pump 
bypass. 
loaded w i t h  mercury and 25 g o f  mix-4P3E. 

F igure  6 shows t h e  capsule i n s t a l l a t i o n  schemat ica l ly .  The capsule w a s  

b . Rubidium-Addition System 

Because t h e  quan t i ty  of Rb  required t o  condi t ion  t h e  
b o i l e r  w a s  unknown, an  a d d i t i o n  system was designed t h a t  allows an  unlimited 
q u a n t i t y  o f  Rb t o  be metered i n t o  t h e  mercury. 

Figures 6 and 7 show t h e  system. The s t a i n l e s s - s t e e l  
a d d i t i o n  t ank  w a s  a tmospherical ly  sealed.  
c i r c u l a t e  through t h e  tank by way of the p a r a l l e l e d  bypass l i n e s .  
l e v e l  i n  t h e  tank  was cont ro l led  by means of pressur ized-n i t rogen  cover g a s .  
When Rb w a s  t o  be added, c i r c u l a t i o n  through t h e  tank  w a s  valved o f f  and t h e  tank 

w a s  metered i n t o  t h e  tank, t h e  cover gas w a s  reappl ied ,  and c i r c u i a i i u i i t ; a s  
resumed. Af t e r  1/2 hour of c i r c u l a t i o n  through t h e  loop, a mercury sample w a s  
drawn from t h e  tank  and w a s  analyzed by  t i t r a t i o n  t o  determine t h e  Rb concentra- 
t i o n .  A second sample was taken and analyzed j u s t  before  Rb add i t ions  If no 
Rb  w a s  added, mercury samples were taken a t  l e a s t  twice d a i l y  f o r  Rb a n a l y s i s .  

Mercury from t h e  loop w a s  allowed t o  
The mercury 

w a s  evacuated . T'--2 ulluGI -- 77- n i i i i m  the 1% Rb-Hg s o l u t i o n  (10 l b  of Hg t o  0.1 lb of R b )  

2 .  Operation 

a .  Run 1 (Base R u n )  

The mercury i n  CTL-2 w a s  replaced and t h e  base run w a s  
i n i t i a t e d  on 14 A p r i l  1965. The loop operated f o r  approximately 5 hours,  when a 
mercury-pump e l e c t r i c a l  problem caused a shutdown. The pump was rep laced ,  t h e  
base run w a s  resumed, and t h e  loop was brought t o  t h e  r a t ed  s~Ap-8 conditions a t  
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t h e  b o i l e r  o u t l e t  (265 p s i a  a t  1265OF) a f t e r  approximately 300 hours o f  ope ra t ion .  
Before t h i s  run, CTL-2 had been used f o r  condi t ioning experiments t h a t  included 
o i l  addi t ions  t o  t h e  b o i l e r  and f o r  var ious  cleaning experiments (Ref. 15 ,  p .  6 ) .  
The extended run-in t i m e  t o  condi t ion  t h e  b o i l e r  had not  been expected. 

b . Run 2 (Mix-kP3E and Rubidium Additions ) 

The loop was s t a r t e d  aga in  on 3 June 1965, w a s  brought up 
t o  t h e  rated condi t ions on 7 June 1965, and 25 g of mix-bP3E was admitted t o  t h e  
mercury-pump s u c t i o n .  
and wi th in  45 min the  b o i l e r - o u t l e t  temperature had dropped from 1270°F t o  llOO°F, 
i nd ica t ing  t h a t  t h e  b o i l e r  was deconditioned. 

An e f f e c t  on b o i l e r  condi t ion  w a s  immediately apparent ,  

Rubidium add i t ions  were s t a r t e d  on 8 June 1965. Small 
The 
P a r t i a l  

amounts were added t o  t h e  mercury i n  the  loop  through t h e  a d d i t i o n  tank. 
concentrat ion was determined p e r i o d i c a l l y  i n  t h e  manner descr ibed above. 
condi t ioning ( b o i l e r - o u t l e t  condi t ion,  1270°F and 165 ps ig  ) w a s  ind ica ted  a f t e r  
t h e  Rb concentrat ion reached 600 ppm; t h i s  could not be sus ta ined  when t h e  b o i l e r -  
o u t l e t  pressure was increased,  as indica ted  by a decrease i n  t h e  b o i l e r - o u t l e t  
temperature.  The Rb content  of  t he  mercury appears  t o  decay i f  Rb  i s  not  added 
cons t an t ly .  
t he  bo i l e r -ou t l e t  temperature following a t r end  similar t o  t h a t  of t h e  r e l a t i v e  
Rb concentrat ions i n  t h e  loop .  

Boiler-performance and Rb-analysis d a t a  p l o t t e d  i n  Figure 8 show 

The Rb add i t ions  w i l l  be continued u n t i l  t h e  b o i l e r  per-  
formance i s  restored and sus ta ined  a t  t h e  SNAP-8 ra t ed  condi t ion  (265 p s i a  a t  
1 2 6 5 0 ~ ) .  

V I 1 1  . 9Cr-lMo STEEL, STRENGTH EVALUATION 

The objec t ive  of  t h i s  t a s k  i s  t o  eva lua te  t h e  s t r e n g t h  of  var ious weld 
configurat ions i n  t h e  SNAP-8 system where a t  least one component i s  9Cr-lMo s t ee l ,  
and the  p o t e n t i a l  c reep  of  SNAP-8 b o i l e r s .  

A .  WELDS 

Eight shee t  specimens were t e s t e d  i n  a i r  a t  1325'F f o r  up t o  3000 
hours as out l ined  i n  Ref. 1 5  ( p .  24). 
specimens of  9Cr-lMo s t e e l  are reported i n  R e f .  16.  
t h a t  welding does not decrease the  creep or creep-rupture  s t r e n g t h  o f  9Cr-LMo 
s t e e l  a t  1325OF. 

The r e s u l t s  of  t h e s e  t es t s  of  welds between 
I n  summary, t hey  i n d i c a t e  

B .  ENVIRONMENTAL CYCLIC CREEP 

Cyclic-creep t e s t i n g  w a s  undertaken t o  determine whether excessive 
creep of t h e  ex i s t ing  SWp-8 b o i l e r s  can be expected i n  t h e  des i r ed  10,000-hour 
l i f e t i m e  under t h e  environmental and ope ra t ing  condi t ions  of t h e  b o i l e r s .  

ti8izl r'm to ensure t h a t  t h e  des i r ed  decarbur iz ing  condi t ions  w i l l  
The cyc l ic -creep  b e  achie',rcd b y  t he  apparatus  w a s  described i n  R e f .  1 5  ( p .  2 6 ) .  

t e s t i n g  was conducted and t h e  r e s u l t s  were evaluated during t h i s  r e p o r t  pe r iod .  
A summary fol lows.  
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1. Experimental Approach 

Three 9Cr-lMo s t e e l  capsules (Figure 9)  were s t r e s sed  i n  a NaK 
environment a t  1325OF t o  simulate the  SNAP-8 b o i l e r  environment. S t r e s s e s  were 
induced by pressur iz ing  t h e  i n t e r n a l  NaK. 
walls t o  con t ro l  t h e  s t r e s s  l o c a t i o n  and t o  permit two d i f f e r e n t  s t r e s s e s  t o  be 
inves t iga ted  i n  each capsule .  The pressure was changed each 30 sec t o  achieve a 
- +lo$ s t r e s s  cyc le .  The temperature w a s  not cycled, because i t s  e f f e c t  could be 
p red ic t ed .  

Thin sec t ions  were machined i n  t h e  

The th icknesses  of t he  walls of t h e  capsule gage sec t ions  and 
the  in te rna l  pressure  were se l ec t ed  t o  assure  t h a t  i f  t he  NaK and cyc l i c  s t r e s s  
d i d  not adverse ly  a f f e c t  t he  mater ia l ,  then one s e c t i o n  i n  each capsule would 
creep 1% and t h e  o the r  s e c t i o n  would creep a n  amount ca lcu la ted  f o r  t h e  SNAP-8 
-1 b o i l e r  a f t e r  (0.33 creep i n  10,000 hours) .  
t h e  stress cyc l ing ,  b i a x i a l  stress, NaK environment, or carbon t r a n s f e r  were t o  
occur,  they  could thus be r e a d i l y  determined by comparing t h e  a c t u a l  creep wi th  
t h e  pred ic ted  c reep .  

If de t r imenta l  e f f e c t s  due t o  

The th ree  capsules  were immersed i n  NaK i n s i d e  a 316 SS cap- 
s u l e  (F igure  lo), and t h e  assembly was operated i n  t h e  capsule  creep furnace.  
It w a s  expected that t h e  concurrent exposure of t he  316 SS and gCr-lMo s t e e l  i n  
NaK would r e su l t  i n  carbon t r a n s f e r  f r o m t h e  9Cr-lMo s t e e l  t o  the  316 SS. 
KaK W&s st i . r red e lec t romagnet ica l ly  so t h a t  t h e  carbon-transfer  r a t e  would be 
l i m i t e d  by solid-phase d i f f u s i o n .  

The 

A l l  t h r e e  capsules  were connected t o  a common pressurized-  
argon system, and the re fo re  t o  t h e  same pressure cycle  (Figure 11). 
s t a r t e d  w i t h  a l l  th ree  capsules  under s t r e s s ,  w i th  t h e  i n t e n t i o n  of removing t h e  
s t r e s s  from one capsule a f t e r  each of 1000, 1800, and 3000 hours.  

The t e s t  was 

2 .  Resul ts  

While t h e  capsules were under s t r e s s ,  t h e  temperature w a s  con- 
The pressure  cycle  and pressure  con t ro l  were maintained w i t h i n  t r o l l e d  t o  +3OF. 

1% except fEr per iods of  minutes when argon b o t t l e s  were changed. The tempera- 
t u r e  uniformity along t i e  capsiile ehmged. Prom +l°F a t  the  start t o  +3'F a t  t h e  
end. 

- - 

Two capsules  operated under s t r e s s  f o r  t h e i r  scheduled times, 
but  t h e  scheduled 3000-hour capsule ruptured a f t e r  7 hours .  
o f f  t h e  capsules  a f t e r  t e s t i n g ,  t he  gage sec t ions  were measured, t h e  bodies were 
s p l i t  lengthwise (Figure 12), and samples were cu t  from the 17- o s t r a i n  sec t ion  
f o r  micrographic examination. 
i n  a l l  sec t ions ,  as summarized below. 

The ends were c u t  

The capsule measurements showed t h a t  creep occurred 
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Resul ts  from Biax ia l ly  S t ressed  Capsules 

Creep Rate, %/hour Capsule Time Under Capsule 
N o .  S t r e s s ,  hours* Section* Planned Actual  Amount of Increase  

1 1000 planned 1% 1.0 x 10-3 3.8 x 10-3 4 t imes 
(1036 a c t u a l )  -1 3.2 x 1 . 2  x 10-3 4 t imes 

2 1800 planned 1% 5.5 x 7.6 x 40% 
(1845 a c t u a l )  -1 1.75 x 5.4 x 3 t imes 

3000 planned 1% 3.3 10-4 1 to 3 3- l /2  t o  4 orde r s  
( 7  a c t u a l )  of  magnitude 

3 

-1 1.04 10-4 0.3 3-112 o rde r s  of  
magnitude 

Micrographic examination (Figure 1 2 )  showed that severe  g r a i n  
growth had occurred, toge ther  with e l imina t ion  of t h e  carbide p r e c i p i t a t i o n  i n  
t h e  g r a i n  boundaries.  
equa l ly  d i s t r i b u t e d  throughout t h e  w a l l ,  except f o r  a l a y e r  l e s s  than 1 m i l  
t h i c k  on the  i n s i d e  su r face .  The same p r e c i p i t a t i o n  p a t t e r n  w a s  noted i n  the  
unmachined sec t ions  of t h e  walls, but  some p a r t s  of t hese  lower-s t ressed sec-  
t i o n s  did not r e c r y s t a l l i z e .  The gra ins  i n  the  s e c t i o n  t h a t  ruptured a r e  2 t o  
4 times l a r g e r  than f o r  t he  o the r  two capsules ,  even though t h e  s e c t i o n  w a s  
s t r e s sed  the  same as the  -1 s e c t i o n  of Capsule 1. 
going fur ther  s tudy .  

A f i n e  d ispers ion ,  appearing t o  be carb ides ,  remained 

The micros t ruc ture  i s  under- 

No poss ib l e  operat ing mistakes could be pos tu la ted  t o  account 
fo r  t h e  high creep r a t e  of Capsule 3, because a l l  capsules  were exposed i n  t h e  
same NaK and were open t o  the  same pressure source.  The capsules were s t r e s s -  
re l ieved  sepa ra t e ly  a f t e r  t he  9Cr-LMo s t e e l  was welded t o  t h e  316 SS, and t h i s  
i s  considered t h e  only opera t ion  i n  which d i f f e r e n t  t reatments  could have 
occurred. It i s  pos tu la ted  t h a t  some unknown f a c t o r  caused rapid g r a i n  growth 
i n  Capsule 3 and t h a t ,  as a r e s u l t ,  t h e  c reep  s t r eng th  of  t h e  r e c r y s t a l l i z i n g  
ma te r i a l  w a s  d r a s t i c a l l y  lowered. 

The carbon content  of a f u l l  w a l l  s e c t i o n  cu t  from t h e  bulged 
p a r t  of  Capsule 3 w a s  found t o  be O . l O % ,  as compared wi th  0.15% f o r  t h e  as- 
received l o t  # 

* 
All capsules were exposed i n  a decarburizing NaK atmosphere a t  1325'F for 
t h e  full length of t h e  t e s t .  

1% i nd ica t e s  t h a t  t h e  capsule  sec t ion  was designed t o  creep 1% i n  t h e  planned 
time; -1 indicates  t h 8 t  t h e  sec t ion  w a s  designed t o  creep an  amount equivalent  
t,a t h a t  LO be expected of t he  -1 b o i l e r  i n  10,000 hours (0.3% c r e e p ) .  

** 

18 
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I 

I X  CORROSION-LOOP PROGRAM 

The ob jec t ives  of t h i s  AGN program a re  t o  determine corrosion and mass- 
t r a n s f e r  p a t t e r n s  i n  t h e  mercury and NaK loops of t he  SNAP-8 system and t o  
eva lua te  t h e  cor ros ion  r e s i s t a n c e  of t he  sNAp-8 re ference  materials wi th  regard 
t o  t h e  10,000-hour-life requirement.  

I 

t 

Corrosion Loops 1 and 2 (CL-1 and -2) were constructed of Haynes 25 a l l o y .  
Operation of t h e  first loop w a s  completed i n  1962. 
ver ted i n t o  Component T e s t  Loop 2 (CTL-Z?), which w a s  operated t o  check t h e  per-  
formance of c e r t a i n  components t o  be used i n  subsequent loops and t o  run mercury- 
b o i l e r  condi t ioning tests ( see  Sect ion V I 1  above) .  

The second loop w a s  con- 

The mercury-containment mater ia l  f o r  CL-3 and -4  was 9Cr-lMo s t e e l .  The 
NaK primary loop was constructed of 316 SS, wi th  a s e c t i o n  of Has te l loy  C i n  t h e  
low-temperature a rea  and sec t ions  of Chromalized Has te l loy  N and 347 SS i n  the  
high-temperature a rea ;  316 SS was a l s o  used f o r  t he  NaK-condensing loop .  

A .  EVALUATION OF CORROSION LOOP 3 

The loop was removed from i t s  t es t  c e l l s  and disassembled a f t e r  a 
s e c t i o n  of 316 SS tubing f a i l e d  i n  the NaK h e a t e r ,  causing a shutdown as de- 
scr ibed i n  Ref. 15 ( p .  31). The components (descr ibed i n  R e f .  17) were d i s -  
assembled, and a l l  tubing i.n the  loop was s p l i t  l ong i tud ina l ly  wi th  a band saw. 
The eva lua t ion  t o  d a t e  i s  reported below. 

1. NaK Primary Systems 

a .  NaK Heater 

Figure 13 shows the  f a i l u r e  area i n  the  NaK h e a t e r ,  and 
Figure 14 shows t h e  microstructure  of sec t ions  taken from the  hea ter  tub ing .  
The f a i l u r e  was caused by in t e rg ranu la r  cracking assoc ia ted  with a second phase 
t h a t  p r e c i p i t a t e d  heav i ly  a t  the g r a i n  boundaries, e s p e c i a l l y  i n  the  f a i l u r e  
a r e a .  Se lec t ive  etching ind ica ted  t h e  p r e c i p i t a t e  t o  be sigma phase, but  
ztternpts t o  confirm t h i s  by e l e c t r o l y t i c  e x t r a c t i o n  and X-ray d i f f r a c t i o n  have 
not  been success fu l .  No expianatiwii h ~ s  Seen determined f o r  t he  heavy p rec ip i -  
t a t i o n  of t he  second phase i n  t h e  f a i l u r e  a r e a  and not i n  o ther  hea te r  areas a t  
equal  temperatures .  Fur ther  e f f o r t s  w i l l  be made t o  i d e n t i f y  the  second phase 
by e x t r a c t i o n  and X-ray d i f f r a c t i o n .  

b . Mercury Boi le r  ( N a K  S ide )  

The temperature p r o f i l e  of t h e  NaK-boiler s h e l l  i n d i c a t e s  
t h e  temperatures of t he  316 SS and the  9Cr-lMo s t e e l  during loop opera t ion  
(Figure 1 5 ) .  
i nd ica t ed  by a s l i i f t  i n  t h e  NaK-temperature p r o f i l e ;  t he  s h i f t  stopped a f t e r  
2000 of t h e  4400 hours of opera t ion .  
d i scuss ion  a r e  taken from t he  b o i l e r  p r o f i l e  a f t e r  2068 hours because they  
represent %he h ighes t  temperatures t o  which the  mater ia ls  were exposed. 

The b o i l e r  performance cons tan t ly  improved during opera t ion ,  as 

The b o i l e r  temperatures c i t e d  i n  t h i s  
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The 316 SS ou te r  s h e l l  of t he  mercury b o i l e r  showed no 
There was some carbur iza t ion  of t h e  316 SS i n  t h e  h o t t e s t  evidence of cor ros ion .  

s ec t ion  (1310°F) of t h e  b o i l e r  (Figure 1 6 ) .  

Some e x t e r i o r  cracking of t he  9Cr-No s t e e l  tubing was 
observed, pr imari ly  i n  t h e  a r e a  of h ighes t  hea t  t r a n s f e r  (Figure 17), and may 
be assoc ia ted  wi th  thermal s t r e s s  or thermal f a t i g u e .  Tube cracking was a l s o  
observed on the  mercury s i d e  ( i n t e r i o r )  and i s  discussed i n  Sec t ion  IX,A,2 below. 
Decarburization w a s  found and i t s  depth decreased g radua l ly  along the  b o i l e r  
toward t h e  NaK o u t l e t ,  u n t i l  a poin t  was reached where t h e  temperature had de- 
creased t o  approximately 1270°F. 
where t h e  NaK temperature w a s  below 1270°F. 

No decarbur iza t ion  was observed i n  tube sec t ions  

c .  Other Components and Mater ia l s  

Other components i n  the  NaK primary system ( e  .g . , t h e  
EM pump, EM flowmeter, and 316 SS tubing)  showed no ind ica t ions  of corrosion or 
mass t r a n s f e r .  
incorporated t o  s imulate  r eac to r  mater ia l s  showed no apprec iab le  cor ros ion  
(Figure 18). 
tem (132OOF) showed l e s s  change i n  micros t ruc ture  than  the  316 SS. 

The sec t ions  of Chromalized Has te l loy  N, 347 SS, and Has te l loy  C 

The 347 SS i n  a high-temperature sec t ion  of t h e  NaK primary sys-  

2. Mercury System 

a .  Mercury Boi le r  

The temperatures of  t he  9Cr-lMo steel  tubing along the  
mercury bo i l e r  a r e  considered t o  be those given by NaK-temperature p r o f i l e s .  
The corrosion found on the  mercury s i d e  ( i n t e r i o r  of t h e  tub ing)  i s  keyed i n  
t h i s  discussion t o  the  b o i l e r  p r o f i l e  a f t e r  2000 hours of ope ra t ion .  

The bo i l e r - in l e t -p lug  region i s  5 f t  long. P i t t i n g  w a s  
found on the  gCr-lMo s t e e l  plug i n  an  a r e a  7 t o  21 i n .  from t h e  b o i l e r  i n l e t  
(Figure 19 ) .  The inner  su r face  of t h e  9Cr-lMo s t e e l  tubing i n  t h e  plug a r e a  w a s  
l i g h t l y  p i t t e d .  The NaK-temperature p r o f i l e  of t h e  b o i l e r  i n d i c a t e s  p r a c t i c a l l y  
no heat  t r a n s f e r  i n  the  plug region a f t e r  t he  l i q u i d  mercury w a s  preheated i n  
the  f i r s t  2 f t  o f  t he  b o i l e r .  This suggests  t h a t  t h e  cor ros ion  i n  the  f i rs t  
p a r t  of the  plug was caused by so lu t ion  a t t a c k  u n t i l  t h e  mercury became s a t u r a t e d .  
Af t e r  s a tu ra t ion ,  no a t t a c k  on t h e  9Cr-lMo s t e e l  occurred u n t i l  h igher  w a l l  
temperatures were encountered f a r t h e r  downstream. 

V i s u a l  examination of t h e  i n t e r i o r  of the  9Cr-LMo s t e e l  
The tubing following the  plug region ind ica ted  heavy p i t t i n g  i n  some s e c t i o n s .  

maximum p i t t i n g  depths a r e  p lo t t ed  i n  Figure 20, and Figure 21 reproduces photo- 
graphs of bo i le r - tube  sec t ions  where p i t t i n g  w a s  found. The heavies t  p i t t i n g  i s  
assoc ia ted  w i t h  t h e  b o i l e r  area where t h e  hea t  t r a n s f e r  from the  NaK t o  the  
mercury was the  g r e a t e s t ,  as ind ica ted  by t h e  boi ler- temperature  p r o f i l e .  

The microstructure  of t h e  i n t e r i o r  of  t y p i c a l  s ec t ions  of 
t h e  tubirig i s  shown i n  Figure 22. 
a r e a  where t h e  maximum heat  t r a n s f e r  occurred.  
a l s o  shown. 

Tube cracking can aga in  be seen i n  the  b o i l e r  
Corrosion-product depos i t ion  i s  

20 
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The p a t t e r n  of corrosion and corrosion-product deposi- 
t i o n  i n  t h e  b o i l e r  suggests a r e l a t i o n s h i p  t o  t h e  mercury flow p a t t e r n  or 
hydrodynamics during t h e  bo i l ing  process .  It i s  pos tu la ted  t h a t  t h e  flow con- 
s i s t e d  of l a r g e  drops or globules o f  mercury emanating from t h e  plug s e c t i o n .  
These drops were forced along a t  a low ve loc i ty  and p i t t e d  t h e  tubing by solu- 
t i o n  a t t a c k .  A s  drop v e l o c i t y w a s  increased and drop s i z e  w a s  reduced by t h e  
inc rease  i n  q u a l i t y ,  t h e  s w i r l  wires i n  the b o i l e r  tube became e f f e c t i v e  i n  
breaking up t h e  drops and increas ing  t h e  hea t  t r a n s f e r .  A s  shown i n  F igure  21, 
a t  t h e  beginning of t h e  b o i l e r  ( 5  t o  15 f t )  t h e  p i t t i n g  w a s  independent of t h e  
s w i r l  w i r e  but  was predominant i n  t h e  swirl-wire a r e a s  (15  t o  28 f t )  as d r o p l e t  
v e l o c i t y  increased .  It may have been poss ib le  f o r  t h e  s w i r l  wires t o  t r a p  
s e v e r a l  mercury d r o p l e t s  i n  t h e  h igher -ve loc i ty  regions,  thereby  increas ing  
t h e i r  residence t ime. I n  t h e  f i r s t  5 t o  15 f t  of t he  b o i l e r ,  t h e  p i t t i n g  was 
predominantly i n  t h e  bottom of t h e  tubing (wi th  r e spec t  t o  g r a v i t y ) ,  i n d i c a t i n g  
low d r o p l e t  v e l o c i t i e s  and swir l -wire  ine f f ec t iveness .  

Most of t h e  corrosion-product depos i t i on  was found 25 
t o  30 f t  from t h e  b o i l e r  i n l e t .  
t h e  p i t t i n g  depth decreases sha rp ly .  
supersa tura ted  l i q u i d  mercury i n  t h e  l iquid-vapor stream as t h e  vapor q u a l i t y  
approaches 100%. 

A s  shown i n  Figure 20, t h i s  i s  t h e  a r e a  where 
The cor ros ion  products a r e  deposited from 

The change i n  the NaK-temperature p r o f i l e  wi th  opera t ing  

This would account f o r  t h e  p i t t i n g  and corrcs5on-product 
Had the  b o i l e r  i n i t i a l l y  

time i n d i c a t e s  t h a t  t h e  mercury-flow p a t t e r n  w a s  changing cons t an t ly  up t o  2000 
hours of ope ra t ion .  
depos i t i on  observed 30 t o  50 f t  from the  mercury i n l e t .  
performed s a t i s f a c t o r i l y ,  producing rated-output vapor a t  t h e  o u t s e t  of t he  t e s t  
run, it i s  believed that these  e f f e c t s  would have occurred c l o s e r  t o  t h e  i n l e t .  

b .  Choked Nozzle 

The a d j u s t a b l e  choked nozzle, which could not be a d -  
j u s t ed  during t h e  last po r t ion  of CL-3 opera t ion ,  was disassembled (F igure  2 3 )  
and examined v i s u a l l y .  A sheared p in  was found i n  i t s  opera t ing  mechanism. The 
S t e l l i t e  6B nozzle and p i n t l e  t i p  were not eroded by t h e  mercury vapor; t h e r e  
w a s  a s l i g h t  amount of corrosion-product bui ldup i n  t h e  nozzle, and t h e  p i n t l e  
t i p  arid m z z k  were ::ettec? h y  the mercury. 

e .  Turbine-Simulator Heat Exchanger 

No s i g n i f i c a n t  evidence of cor ros ion  o r  mass t r a n s f e r  
w a s  found i n  t h e  turb ine-s imula tor  hea t  exchanger. The tubing appeared t o  be 
wet ted i n  some a r e a s .  

d . Blade Mockup 

The blade-mockup assembly w a s  disassembled, and the  blade 
s e c t i o n  w a s  removed f o r  i n spec t ion .  
and a f t e r  exposure. The vapor ve loc i ty  through the blade s e c t i o n  was estimated 
a t  206 fps, and t h e  vapor q u a l i t y  was 75% a t  715OF. 
produced no cor ros ion ,  mass t r a n s f e r ,  o r  e ros ion  i n  t h e  blade s e c t i o n .  

Figure 24 compares t h e  blade s e c t i o n  before 

Exposure t o  t h e s e  condi t ions  
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e .  Condenser 

Examination of t h e  tapered tubes on t h e  mercury s i d e  o f  
t h e  condenser i nd ica t ed  very l i t t l e  cor ros ion  of tube w a l l s .  
depos i t s  were found i n  t h e  condenser t ubes .  

No mass- t ransfer  

f .  Mercury Pumps 

(1) 9Cr-lMo S t e e l  Pump 

This pump was operated f o r  a t o t a l  of 3971 hours 
i n  CL-3. 
depos i t s ,  and .eros ion .  
(Figure 25, P a r t s  6 and 12 ) ,  a crack i n  t h e  f lange  area of t he  f r o n t  bear ing 
housing (Figure 25, P a r t  4), and wear marks on t h e  lower s i d e  of t h e  hydraul ic  
equal iz ing grooves. The jou rna l  wear amounted t o  approximately 0.025 i n .  The 
crack i n  t h e  f r o n t  bear ing housing appears t o  have r e su l t ed  from thermal stress 
i n  a weld a rea .  Considerable weld metal was machined o f f  during t h e  f i n i s h i n g  
opera t ion ,  and t h e  ind ica t ions  are that t h e  hea t  bui ldup i n  t h i s  area w a s  caused 
by rubbing of t h e  impe l l e r ' s  hydraul ic  balancing vanes a g a i n s t  t h e  housing. 

It w a s  then  disassembled and inspected f o r  wear, mass- t ransfer  
The inspec t ion  ind ica ted  some Teflon-journal  wear 

There were a l s o  ind ica t ions  t h a t  t h e  s h a f t  was 
rubbing on the bottom of  t h e  s h a f t  h o l e .  
s ide of t h e  case, ind ica t ing  t h a t  t h e  Teflon-journal wear w a s  excessive and 
allowed the  impel ler  s h a f t  t o  drop and rub, thereby  causing abnormal hea t  
bui ldup.  
case o r  on the impel le r  (Figure 25, P a r t s  1 and 2 ) .  

The rub marks were a l l  on t h e  lower 

No mass- t ransfer  depos i t s  or eros ion  were found i n s i d e  t h e  impel le r  

( 2 )  405 ss Pump 

This pump w a s  operated f o r  421 hours i n  CL-3 as 
a standby pump. I ts  t o t a l  opera t ing  t i m e  w a s  1494 hours,  inc luding  opera t ion  
i n  a pump-test loop and i n  CL-3, before  disassembly. 
t h e  pump was found t o  be i n  s a t i s f a c t o r y  condi t ion  and reusable  a f te r  t h e  in -  
s t a l l a t i o n  of new Teflon jou rna l s .  
t h e  impel ler  o r  impel le r  case .  

On v i s u a l  i n spec t ion ,  

No mass- t ransfer  depos i t s  were found on 

g .  Valves and Tubing 

Three valves and a check valve i n  t h e  a l l - l i q u i d  sec t ion  
of t he  mercury sys temwere  disassembled. The valve seats, valve parts, and 
tubing showed no ind ica t ion  of cor ros ion  o r  mass- t ransfer  bu i ldup .  

3 .  NaK-Condensing System 

Examination o f  t he  NaK s i d e  of t h e  mercury condenser, t h e  NaK 
heat exchanger, and t h e  tubing t h a t  made up t h e  condensing system revealed no 
mass t r a n s f e r  o r  cor ros ion .  No mater ia l -cor ros ion  problem had been expected, 
i n  view of the low opera t ing  temperature of t h i s  system (TOOOF max) . 
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4.  Discussion 

The eva lua t ion  of CL-3 t o  da t e  ind ica t e s  t h a t  t he  main cor ros ion  
and ma te r i a l s  problem wi th  t h e  SNAP-8 system i s  l i k e l y  t o  a r i s e  i n  the  mercury 
s i d e  of t he  b o i l e r .  
b o i l e r  temperatures i s  such t h a t  corrosion w i l l  occur .  The mercury-flow p a t t e r n  
during bo i l ing  apparent ly  w i l l  con t ro l  the  l o c a t i o n  and s e v e r i t y  of bo i le r - tub ing  
cor ros ion .  
may a l s o  occur .  The mechanism o f  t h i s  cracking has not been determined; because 
most of  it occurred i n  t h e  a r e a  of g rea t e s t  hea t  t r a n s f e r ,  it i s  probably 
assoc ia ted  wi th  thermal stress o r  thermal f a t i g u e .  It may, however, only be 
common t o  t h e  undesirable  opera t ing  s t a t e  of  t h e  CL-3 b o i l e r .  

The s o l u b i l i t y  of 90-lMo s t e e l  i n  mercury a t  t h e  expected 

Exter ior  and i n t e r i o r  cracking of t h e  9Cr-lMo s t e e l  b o i l e r  tubing 

Other a reas  o f  t h e  mercury system appear t o  be f r e e  of se r ious  
E s s e n t i a l l y  no cor ros ion  and mass- t ransfer  problems when 9Cr-lMo s t e e l  i s  used. 

mass- t ransfer  deposits were found i n  t h e  condenser and t h e  l i q u i d  l i n e s  i n  t h e  
loop .  The corrosion products generated i n  these  areas apparent ly  remained sus- 
pended i n  the  mercury and/or f l o a t i n g  a t  t h e  mercury i n t e r f a c e s ,  e l iminat ing the  
problem of tube r e s t r i c t i o n  found i n  many l iquid-metal  systems. 

B .  CORROSION LOOP 4 

1. Operation 

a .  NaK System 

Assembly of  t h e  NaK primary and condensing loops w a s  
completed, and the  loops were checked out .  The primary loop w a s  s t a r t e d  on 12 
January 1965, and t h e  condensing loop on 1 4  January.  
cedures were accomplished i n  accordance wi th  Ref. 18. 
s a t i s f a c t o r i l y  during t h e  s tar t  and throughout t h i s  r epor t  per iod .  The oxide 
con t ro l  of  t he  primary loop w a s  as follows: 

Checkout and s t a r t u p  pro- 
Both loops performed 

Accumulated Operating Time Oxide 
Date hours Level, ppm R e m a r k s  

1/14/65 24 32 Cold-trapped 6 hours ( t r a p  
temperature 225°F), oxide 
l e v e l  reduced t o  25 ppm 

1/27/65 40 25 P r i o r  t o  mercury i n j e c t i o n  

3/9/65 660 24 Af te r  completion of Run 1 

5/17/65 1100 18 -- 

b .  Mercury System 

The mercury system w a s  assembled and checked o u t .  P r i o r  
t o  i n s t a l l a t i o n  of t h e  system i n t o  t h e  loop, t h e  b o i l e r  was f lushed i n  Freon 
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( s e e  Ref. 15 ,  p .  30). 
during t h i s  r epor t  per iod .  
continued through 24 February.  
t h i s  per iod .  

Table 2 provides information on t h e  opera t ion  o f  CL-4 
Mercury bo i l ing  was s t a r t e d  on 28 January 1965 and 

Figure 26 shows the  b o i l e r  performance during 

Superheated vapor was obtained immediately when mercury 
w a s  in jec ted  i n t o  the  b o i l e r ,  but  t h e  ra ted  design condi t ions were not a t t a i n e d .  
A t  t h e  start ,  the  mercury flow r a t e  was approximately 250 lb/hour; t he  b o i l e r -  
o u t l e t  pressure w a s  80 ps ia  and the  b o i l e r - o u t l e t  temperature llOO°F. Mercury 
bo i l ing  w a s  continued u n t i l  9 February, when the  r a t ed  b o i l e r - o u t l e t  p ressure  
was a t t a ined  (265 p s i a )  . The loop w a s  operated continuously u n t i l  12 February 
when an electric-power outage i n  the  a r e a  caused a shutdown f o r  2 hours .  Upon 
r e s t a r t i n g ,  t h e  b o i l e r  performance did not recover u n t i l  a f t e r  48 hours of 
opera t ion .  
water  piping caused a shutdown. 

The system operated u n t i l  24 February when a l e a k  i n  the  cooling- 
A t o t a l  of 650 hours of opera t ion  was accumulated. 

A s l i g h t  improvement i n  b o i l e r  performance w a s  noted, on 
the  bas i s  of NaK-shell-temperature p r o f i l e s  taken a t  the  beginning and end of  
t he  run (Figure 26 ) .  
i n  t he  last  15 f t  of t he  bo i l e r ;  they  a l s o  ind ica ted  t h a t  an extended run- in  
period i s  required t o  condi t ion the  b o i l e r .  

These p r o f i l e s  showed t h a t  some condi t ioning had occurred 

A modified mercury-inlet-plug i n s e r t  was i n s t a l l e d  i n  
It has two wire-wrapped sec t ions  of d i f f e r e n t  p i t c h  - 1/8 i n .  i n  t h e  b o i l e r .  

t h e  mercury-preheat s e c t i o n  and 3/4 i n .  i n  t h e  succeeding ( low-qual i ty)  s e c t i o n .  
The geometry o f ,  and flow dynamic values f o r ,  t h e  preheat ing regions of t h e  
o r i g i n a l  and the  modified plug i n s e r t s  are summarized below. 

Tube I D ,  i n .  (nominal) 

P lug- inser t  diameter, i n .  

Wire diameter,  i n .  

Wire p i t ch ,  i n .  

Flow-channel cross  sec t ion ,  f t 2  

Hg flow r a t e ,  lb/hour (nominal) 

Liquid densi ty ,  l b / f t 3  

Liquid-Hg h e l i c a l  ve loc i ty ,  f p s  

0 r i g  i na 1 
I n l e t  plug ( N O .  1) 

0.397 
o .301 
0.049 

3/4 
20.1 10-5 

500 

760 
o .91 

Modified 
I n l e t  plug ( N O .  2 )  

0 -397 
o .301 

118 

0.049 

2.94 x 10-5 

500 

760 
6.22 

A t e s t  run wi th  t h e  modified plug showed a n  immediate 
hea t - t r ans fe r  improvement i n  t h e  in l e t -p lug  reg ion  and completion of mercury 
bo i l ing  a t  a length of about 30 f t  (compare 
s iderab Le conditioning was noted during t h e  subsequent 16 hours of opera t ion  
(Curve 3 ,  Figure T 7 ) .  
t he  conditioning phenomena. On t h e  restart ,  i t  exhib i ted  t h e  same hea t  t r a n s f e r  
and s t a b l e  boi l ing performance as before  ( t h e  range of pressure  f l u c t u a t i o n  was 
0.4% of the  bo i l e r -ou t l e t  pressure,  225 p s i a )  . 

Curves 1 and 2, Figure 2 7 ) .  Con- 

The b o i l e r  was then shu t  down and r e s t a r t e d  t o  confirm 
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The b o i l e r  w a s  then r e s t a r t e d  wi th  t h e  o r i g i n a l  i n l e t  plug 
(3/4-in.  p i t c h ,  60- in .  l eng th ) ;  i t s  performance was good, i nd ica t ing  t h a t  t h e  
bo i l e r - tube  su r face  had been conditioned. Although t h e  data provided on ly  q u a l i -  
t a t i v e  information, t he  mul t ip i t ch  plug demonstrated improved b o i l e r  performance, 
and a bo i l e r - in l e t -p lug  tes t  program w a s  i n i t i a t e d .  

2 .  Tes t ing  of E 3 i l e r - I n l e t  Plugs 

a .  Instrumented Plug 

Four d i f f e r e n t  instrumented plugs (Figure 28),  were tested 
They were provided w i t h  pressure  t aps  downstream of t h e  f o r  design eva lua t ion .  

t i g h t - p i t c h  region and a t  t h e  end of t h e  plug. 
pressure-drop f a c t o r  and hea t - t r ans fe r  information f o r  t h e  plugs were e s t ab l i shed  
on t h e  b a s i s  of pressure  readings from these two t aps ,  t he  b o i l e r  i n l e t  and o u t l e t  
p ressures ,  and t h e  NaK-shell temperature.  The pressure  sensors f o r  t h e s e  t aps  
and t h e  mercury-boiler i n l e t  and o u t l e t  were strain-gage-type pressure  t r a n s -  
ducers .  An e l e c t r o n i c  Visicorder was used f o r  pressure  readout .  The mercury- 
o u t l e t  temperature was sensed wi th  a n  immersion-type thermocouple, and t h e  NaK 
s h e l l  temperatures wi th  sk in- type  thermocouples. Figure 29 presents  a t y p i c a l  
p l o t  f o r  an instrumented-inlet-plug data p o i n t .  

The liquid-mercury and two-phase 

b .  Test-Run Summary 

I n  a d d i t i o n  t o  the t e s t i n g  of t h e  fou r  d i f f e r e n t  i n s t r u -  
mented plugs, a run was a l s o  made without a plug i n s e r t .  
included 

Each of t h e s e  runs 

(1) Boiling t e s t s  t o  determine the  e f f e c t  of opera t ing-  
parameter changes on b o i l e r  performance (ope ra t ing  va r i ab le s  : 
b o i l e r - i n l e t  temperature, and mercury-boiler-outlet  p re s su re )  

NaK flow, NaK- 

( 2 )  Isothermal liquid-mercury flow t e s t s  t o  determine 
t h e  pressure  drop ac ross  the  t i g h t - p i t c h  and loose -p i t ch  regions of t h e  i n l e t  
Plug 

Table 2 summarizes t h e  r e s u l t s  of t hese  runs and de- 
s c r i b e s  t h e  p lugs .  Deta i led  data are provide6 li? Eefs - 20: and 21 and were 
forwarded t o  t h e  sNAp-8 Heat Exchanger Group f o r  a n a l y s i s .  

The cor ros ion  pa t t e rns  i n  t h e  various b o i l e r - i n l e t  plugs 
(Table 2 )  i n d i c a t e  t h a t  t h e  increased l i q u i d  v e l o c i t y  and improved b o i l e r  per- 
formance caused no t i ceab le  cor ros ion  i n  plug regions w i t h  opera t ing  times as 
s h o r t  as 100 hours .  I n  add i t ion ,  t h e  d i f f e rence  i n  t h e  cor ros ion  p a t t e r n s  f o r  
R u n s  1 and 4 i n d i c a t e s  t h e  inf luence  of b o i l e r  performance on t h e  cor ros ion  
p a t t e r n  found i n  t h e  b o i l e r - i n l e t  region. 

I n  these  t e s t s  t h e  c learance  between t h e  inne r  su r face  
of t h e  b o i l e r  tub ing  and t h e  ou t s ide  of t he  plug was found t o  be c r i t i c a l .  If 
t h i s  c learance  i s  not con t ro l l ed ,  t h e  d i f f e r e n t i a l  p ressure  and l i q u i d  v e l o c i t y  
i n  t h e  t i g h t - p i t c h  reg ion  of t h e  plug w i l l  be reduced because of bypass flow. 
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T W  1 

CHROMATOGRAPHIC ANALYSIS OF MIX-4F7E 

Composition, wt$ 
H 

Isomers LOW 
Boilers* 0-0 m-o 0-p + m-m m-p p-p - -  

Shell Development Company 
certification 

Von Kkrman Center check 
analysis (av. of 14 
specimens ) 

Decanted fluid after 
crystallation 

w* 
Crystalline material 

0.4 None 5.2 52.6 39.2 2.6 

0.5 0.2 5.3 51.3 40.3 2.4 

0.5 0.2 5.2 50.7 38.9 4.5 

* 
LOW boilers = organic substances in mix-4F3E that boil at a lower tempera- 
ture than the mix-4P3E; among them are phenol, phenoxyphenol, and isomers 
of diphenoxybenzene. 

Isomer definitions: 
+#5 

0-0 = ortho-ortho phenoxyphenyl ether 
m-o = meta-ortho phenoxyphenyl ether 
0-p = ortho-para phenoxyphenyl ether 
m-m = meta-meta phenoxyphenyl ether 
m=p = m~-tr..e -para phenoxyphenyl ether 
p-p = para-para phenoxyphenyi etiiei=. 

*e 
Additional tests of this material are being conducted to ensure that incom- 
plete removal of mix-hPjE fluid fromthe precipitate did not mask the true 
composition of the solid. 

Table 1 
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